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^ ^ ^ Lfe A-jy f J j Xj j i £ A , fc LjiwO * JLf j ^ -; 

♦ ^jA lywW A-QJ%> < AwW ^ ^ j^-J-r ^ A»j A . m .' ^ ^ A-* i 

* 

■ Xw ^ !■£ ^ A jJi^J I J Xm ^ ^ ^ ^“v^ * vj ^ ^ (J^k^A 

j A ^ 3 ^ 4 pX5l«^ ^ u^^Lrf 6 -3 jS' o AJb i*Xc A ^ 1 A A V lJ _J ^ 

jl^S^ Ij ^L^*- ol?"'^ * '-^j^tjf »xi^l-j ^*-j jb£ o-K 

k) (^l*w Ij j J AJ I U tf tj L^y ^ J ^ A " >« ' ■ j t '^jt* 0 ^^ b i i ^ 
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. ^ r' < ~ I ^ fi J&- ^ U O J t5*^3 '“ t, ‘" , ’ ; ®■* cs*^ *J J >=*“ C* ^ cr -y ^ C3*“* 0 ^ J 3*" 

*-“ J i5^ L9 3' i V 4 ^ ^ 

If O ^J^jis^pA * IpJl^Aj ■ t ^jJaIa ^ A-i 

Lv ^ O * kXw Jj J A hI ^ Luw 1 J^O i J'i ^ X/ ^jwO ^ A t i*v 
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Aj> (_5 ts Lu (^S^j-f *■ ■'* jjA$J' j ^ 3 t-iiA^j? I j ^ a L>- 03 ^ 3 ^ 

■ wLcU {S J ' A j-r& j^-t ^ A *_‘_v L>VO ^ j^S^kio A ^*" 1,1 > A J 

1^ jb^w Jj I [^j ^ a5l* r t. ,1 ^ A^ ^ J _^A 

i Oui 1 a? jA lj ^ I ^ A^->ww A^K A UaL=C 

ji Ijjl A# * Aw f OA-rfA KLc A^ IS* &S aAaI^s 

t AAJbluue I ^ ^ X JiS*^go j u >. Aj A A jJ-j Ia^A 
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C_J*^ A ji'j-<j' 


(j ^1 iS 3 j± 1 * jl < 5 L^A f 4 >y;^ 

£ ^_5 ^ J ^ O ^ 1 ^ ‘^A w^ IA < J j5o OLw^ j I ^^^U-Su/ clw/ A? ^ l iy^ 

Ub^-^Ai Ll I t jSj A LF*v * AAA^lSli^o j A^p A jp^- fj Lfb I 

JL-jA^X-jf Ia 1 At^S^r ^ A ^ A ^jpA4 Ia ^Lwh> ^ A Lp (^L&^L—« (^5 

^*v I i^aa ^ AAii-b^g* 

* ^ 6 AAy TJU 

j^3j$ ^ t jjA * -v* o> ^A L ui^tj JL^ j A 

j A^j jl ^»> w j^jA_fc.fe> jl L^ A^ Cw' * 



Cm w ' Ap ^ J 0 T , |bL>wI 

t o-wl Jlw^*iJt> c«w jI o^v bj^ ^5Ub Jjl> ^ j yZt jljJL 

J<»> y o o j} dS c«w I ^!*> (j 1 a lj ljL> jj^> 

* Jwu5^d Cuj^ 1 L* Ca£^4u L/ l&^jls j ^ jl ^ Ou^^o 

^ b jjjw! n , C 1 j ^ lo CU > jw L lj u S wy ^y^ii|M»J>-i.t Jjl | ^ y p J Lw J ^ 

L $ ^ lw j*i ^ilq^hLS* ^ o L jiiu p o ^vJuJL b bXjJL^ i ^jt> ^ 


^-rLtot^i^a Jlw YP U" J (^gJjL/uSii^o ^9 

b j 'Vii.ft j j'-i k ^^ fHW ^t a $ i4 ^ sXw Lw 

A —fc uf L j^ ^ift^L 5 ^ y 0 ^jtf > f Gi^^jw Ij ^ L Yo o 

v ( I j * W'S 0 *Sj^>- 

^ ^ L,w a j tS Caw I L jodiA J Lw 

j^i ijliiJLftitf^l J 4S 1 >^jT jl p AJJblui^ 0 T b ij^ul J jl ^ I rt l Uw ^j 

Lfcjjjirflii jA t ^ I C <nSw^ fliJ ^yU#j^ I j — -* ^b^ Id 1 Iff Jbv 

* *i^*J ^j9j^w J^*w ji>J lj 

y OO f Lw j ^ ^mw L 6 Jwj jF^f ^ J Lw ^ Ai> b jjl 

Aj J^jfl I *Xi j ^ J| u J ^lt4^ b b L* Ii mV Caw^J 
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Juj ^> y o o f b ^lu^ ^ jjJ *i UwI Oiii/T^ ^Ijjjjc 4> ^ I 

• |fr*4«vJb ^jT JJtlw *ij> ^LW J> - J J L ^jjf^ ^1> ^ 
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i ^ bj 




vV jI lo ^ ^ jJ L ^ Owl ^ 

■ ^1 ~ ill* IF I C JLO I ^ji ^ 

t ^ t *l f% Lj O » Ci4 ! j-rjl^iv *i hLI^Jlvw! ^ ^ 

l ^wLv I ■> ^ Lj J ^JUML>U ^ji«wl 

jl ^ Ca^j? (JSli Iw^iIj) f J 

* «Xm* J Ou »X* U / 

(jAgf Jl> 4 J t^l> ^ i^ iVi isl i V*Vi.ii> I c *A-j>-c & 

JwJii g jj Jfc 03'^ ^ Ciwi I (_5jj^ v^T-Aj^" 4& Ovi sijJ^ovi * ilj? t'^f-; 

oj *T W ^ tS' 5 j* c?^ 3 c*i- I iA*T ( ji T; ^ 3 fl ^-* "^ ~(^^ 

■iji# jl ^wL>y ^Ijjif <b 0 T , Cuu I l_11 t IIP I d>U* 1 ^ AaA 

*3^3 J 3 c '"l *-*1; ^ 3* O*^ J 3^ j* (ts 5 ^) 

• C * w I 4iXw ^l^> 

j i ^* 1 ^ ^ (^ J te ■■» ^ j ^ f*> » o • I |>' <» jl *S 





{& <3-^ ^ j 1 * JuL j Al& 1^?* ^giL 6 *}I^jL>» 

fiS" L^S" as>- ^ ^ aj^ * *a^*^ * do-ft ^L*ii^ ^ Lo ^ j 

Li * ^ 11 ^,*v .^1 -.P I jj " ji p.. 1 A^ A^^.Ci d/ ^ j ^ j A J r Aj Ac ^ I > 1 A 1 

jJj I 4^ <■■■ rf iHAr 1 4 ^Xw Lwpi ^ A>W jJjZiXA l A/ ^ L$ 4-» L^ |4»& *>*—' 


J Ax-zA^^^j* ^iJb aj>I^jL>- **S^ **S ja (^51 j-j ^! 


0*5-^^ *-> 


cuiLj-V 3 cJjl^A-, 

wl/ 1, 9 l^> ^ <Q Lh?^l > * " J ' J) A ' OA- L LmO ' I 1a iAw La*—* L-AXs>- ^ 

* JLj to ^go ^j"Aw Ju-i ^ft> Us j Ja .^^jl ^ L I A-,*/ \^3 < ^ 

^ jA L> A iS A^ fj JJ Li ^ 4 »i ^1 ^ i I , < ^1 ^ A 

F ^ A 


f 5 J m./VcQ^jiX Cl^ Lsb^> ^ 

1 ^ > ■!> - \ J *| tj 

'■ ■■ JJ^ 
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* <," * ^j^,q Ip *u ~>* Li-^ W.<Ai j 1 f Vi ttt * 

JuS 



<5 

^ ^ A Lyy X-i ^ Cl-Lbv ■ I^aSu^ ^ AAAi^jJ 1 
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r jjLi^ 

J$L>- 

^ A 0 m,f L*> Ij A^^ jAw A** **j ^ 

li<> Uj& l£ 

J Aj A O^ 

■^J> 

CntjX'' 

^ Lv 3 Lj L*w c 

»J^j|f^ <X^ |^J ^ Xj^ La 

0.' ■■= 
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• A^ui j^c tA/jl 



i 1A0 L 


^ p ^ ^ %AAr J <A-vO ^ t tX() 4 l J 1 ij Ub^_Jwwuw ^MI ^ 2 ^ J. j ^ A L>*—* ^ ^ 

s!lLi Lo l^AA^ A^ ^Ll^ j aS A1 A^o Aj^m O I ClXi j 

U L^ ijr 1 ^ La**/ 
(^t^kJi 


IS 


<^S*^Jic ^ ^ ^ Uj LaLo ^ r <C!-**w IS" ^&A**wk-Aiw ^ 

***** LS^-W^'- 3 ^ cJ*^ -5 (^ 5 ^^) 

1 <-— ^ A AvJ L4 , *J? L* A-& to 


,t 


L j.W.,1 1 Oxav i A A^J lo ^^3 j&-& Lo 4-A ^ L?*- ^iy£Kf j^V-; 

* ■ r ^0 - dS ^0 I ^ Aiib A j ^^0 f lc ^ iij ! J ^ ^ ■ j j I ^ " -'■“ aS ^ Lew. 1 ^ 1 ^ ^ ^ 

to ^j^j^.4i0 4^ |Q^* *' iA ^o A-j ^^AJb 1 vAAuv ^ A<Ajq ^ IA *A ^ 

AAjw ^1 Awji^ A ^Au Ij ^jl jAu A L g aS *_■ ■ ■• ^ A A lc ^ ^ Lo * 
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1 ^ L-f A t LaJ ^ ^ 1 ^ d 1 ^—* ^ j^O lj,"hi ^ ^ ^ 

* ^ ^frfcj* ^ A-rf £&*& O < " ^ mil nlm -tmS 

I LJ^I oli^ , _ i n t^ ^ t olirfd ^ Oj ^ ^ Lu 

I^Jfcf ^ ^ ^ l^ A wU Jw I lw^ ^ *ii5 ^1 ^ U 

ijloo> Lw ^ ^LjI j-# b L f C44v t Lj I ^5 IaajljLc 

* C^-,t U>4^wJj! ^^Pp-(~o jl jj£- ^1 < ^LJ 4w^L> 
f ^jL ^ (Jj,**.^» ^j*Xa ^dS* 

LsOj^ ^gC*-L& Lj*4f 4-J *X«bUJ J^4-£ ^ > I U*^ I Un ^ ij o ^ 

. Jbiujl ^ 5 *ibj Gm 4^ ^ Jt 1 Ju^^Oo i <Aib J 


cSuJljj 


b&> 


C-*i IjJ t5 bft ^Wfa/ J Ko j ^ O ^jL&Jlw b 

j f ^ l>wI ^*5*i (jjL a>60l& b>4 aS* 0^3 O^^ s j t Jd j Iaj jlji 

>■ J 1 ^MLt.W^ f *i I >i j& L>W l t J j IS l nS ^A>w * ArfJU l^ i ^ J 4-/ jJ>w 
I <n iA ^ Ijb j ^w j j«j ,jjj: aS* J 1 ^ MiO' ^ |Q b^ ^'t L^ ^T b^*^j 

* i^l A Jb w 

j-^ -W4> ^ liJ J J^JuS t jC^A t 05^ ^_ji^ 4-f j 5 si^J>w L& LS" ^ 1 

OJw b | 4#^i Jiii ^ L^J j I U ^j^i^bii^J 1 O l^> j^^JU u9^bl> i Crf^i4i ^ hi I 

bto^jiwplojl I ^1 * {jgr*^ JJK 45 L* ^ ^ L 

Ob' ^gj s O j (^Ia^j^IS |4 t^4^ > S t iS fcXoT Cuui^ ^Idhilw 

i^u^L i ^ i "tw f ^ ^9 tj Lto^j 1 4? hi^Juiw^ ^ U 4/ Ub ^^jt U 1 4 ^o ^4^4 b 

^jlww/1 J ^yif y6 < O* 1^ 11 u » l i Ju b Ij I'i-' l> ^4oJ& a!? L hi Jjb ■ * lij^Oji 

1 iuS^4 ^ Ij l> C d&Jb hi^^Ojyii ^J^li ^jrf 1 |JMJ * ital&i OjbO^fi 

^_J ^1 bO w ^ ^ i ^ < ih_i ^ t-wm* j (j l^ i i P> 



* jj t L ^ 4 f- ^ JlJ 1 ^ oS *Xw 

| L^ J li j^ ^tlJ ^ ^A | d J Lw ^k ^ jii j ^jg ^jj ^A 

J^jT L 1U ciaA o l^ j ^ ^ '^ ii ^^ 4 i^j5^4 o5^v 
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4o-l^ ji dS JJJuI^^^q O^ |° ^^ ^ Lftj^X^Ls i ^!Lmu^/ ^I ^"T* ^I jO 
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4? cx«J ^*Oj O^ ^ C * 1 OJJ^ * ^ 33 ^ 

f •X'L^Xo l >jX H _i J h ^ %q isS jh^-i Li iXl±>s*j Iaq^ 4 ^> dS JJu f^ f^S"* 
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* ^JF^ LiSdjj? jl L^ LtoJ^JL jl ^5 \jb f^yt-S Ig J 
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T A^W ^gO ’ ^ V 1 *' ^ A I Hi V j CI w ^ bi I * **"*'* ,W I ^ I J A A^ ^ I flf 
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tS^) ->* iS^FSJ t <-isUw i (3*5^3^ >fe « ^(*3^3/ 
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dJb J |ft M i \ L> ^dijAW^d^ C40n>^d^ ^ C^w i j^IIq ^iu Lw Jj^^ib jl 
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| jb>l# — LJ I ^gli&dAla 

u * ,i ^ f, ^j^(j c jl ^AjS* b lj l^^j T Ui , AAAui^a dA^aL 
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Lft>d-->j jf fj £ \^)£~£ 3"^ 3 ° 0* < ^ ^3*^3^ 

3 >^heiH6™ d ^to Ajl^;^* ^jl ; c ^d . a aU/ £ ajL-j^o 

t 4 yt>& 4 Qu l aoL l j^>^ <£^ Cw* u*-! 5 ^ 

t y)yJi» jl ^ CI*i m l L t!j«Jb {^id*i U i * " - 1 1 Q ^ - i jjj 

fjrr^j./? 4 * f^*^ 0 cr '' L ^ ~'3.^ L ~ <A,w '^ 0=^ * j 1 ^ ’ U 

1 1 i"~"' J ^ ( j' ^ ( t ')j l^^lju/ * Lll^^j* 1 0 Jjv 

^Luito^ d^l> jl a A L*I QrJ^ f 3 jw ^"*^**3 jA d^4w 4 jw £ l^l 



^J-9 f J *^^ Lo f 1 a A>—u-J < L&dA^ JV yi.j|S 

Grf^3-tf * p3j3*3J^ ^U*^* *J=^3 * 

U G 1 » {. '"* m * r ^jS* id t ^ tto^ A La Ji 1 C-^L/ ^y>A t J*~£ C A Amh 9 ^jd j Clrfjud 

* >U n ^li ^ L dS* C*cw 1 L^Jl> jLliuu 

V *9 L 4 L*J ^ (J (j ^ J ^JX - tyW tf. ^UW^ j 9 ^ 1 A^ ^ (J ^ J 

G ^ G3^ * * " ** ^ O^ ^ 1 '3jv ^3 ^ \; V | >| ^ 1 ^ 4 ^^ Ju^ yjS Aj ^ Aiiv ^Ua AjS ^ 
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Figure 30. Po/ypepf/de Chcrins in Combination 
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a^?» ^jUlL>L^ 03-)^ 3 ^ ^ f& f 3 J 3 * 3 J^ ^ f 7 **"J*J>* o^ 3 "^ 

* > ^ *U Mf A* 1 \-> (_£ l^i 1 <XauJ 9 i_j 

^ <0*Mui ji J ^5 J3^ mf (jWj Clj-Ui l ^L&Jfc ^S ^ 

A ^> ^*** ^w ^ ^bby I Iw o« * ^ L^ j-Lff' {* 333*3 

ijjiw ^ 1^ Aj^Ab* O^*^ * A*i C—w<^ij- ji i A ju ^a ^ 3 *^3^ ^A*A 

U^^3-^" Oj <J^3 \Z*+*£**& ^ —✓ (^>j A^oJ^o 

I- 

i^w-J ^T . *ij 3 a^>^< i—* ^j*/ I L& ^yS a 3 c«i 1 Ju* 1 (_5 Ia 

^ ^ T rV ^g"^ 3r* J ? w -'j l5^ ( u^j3* * Lf ) ul*^j3-**“^ 

3 1 *^ A_J^ 3 3 a S p_ j jm* ^ f r a_j 1 i \ i^i> 3 ^ 

AJb 1 ^,^ ^^Jl^tS' ^ A-jS^^o ClJIj>*A ^jA*^ wSL^j A Ijw I 3 A fiS JUi ^l o ^) *3 

*^ 5 uj Aw* (,3^ W*^ 1 %, * ^ 3^ * * \ -> > j i- tx ^ Aj£> ^ f 3 L& p^Hijrv A-> dS* A ^ 


b a 3*3 0*^33* ^ OJ f^ - ^ *** ,d& j ^ ^3 

O*** 33 3lA Li 3 iuS^Ajo ( ^ ^ ^ O A l*w L ^ J L^ jA do 

^ \ J l**/' jLf- 1 j 3 * A t t kpi I A_u 1 JO -^ I3 3 

^ O ^ ^^33 3^ ^3 3 ^ j 4 ^ 1 * Li * ^_J i ^ j ^3 ^ ^ 3 J * 

. ajaIa 

3 ^t A 3 A a ' At*** ^ ^'1 uf j 

Jt^ \ A '..^^j-' ^Ijl A PLANS' XlAu - AAjt> A ^uu* j ^^/tyZ*- 

&S A^j f C^> lj ^jL^Aj^a *AAjrf I ^IjbA^Mv^ ^ l*A Ijb^j ! O^ 7 ^ 

* A jA * f W 1 f j y^ ^ 1 1- du ^w 1 ^ 

v-^S \jbJ 3 **“ ^ 3^ ^3 ( L3*^ ^ ^) J 3V J ? vo t 5 ^3^ ^ 3 J ^ 7 *~i o*-?*" 



^ ^ d Aaw J 1 ° Q j ^ ^ ^ t ) 1^/ lj ^ * 1 ’ ^ w/ i/ 1/ 

J Jl*^ • X - Li^ ^a xl>^l L^o L ^ -it ^ 3 j t i j * > Ij ^oJ 1 [jr* 3 ■> 

&jlAL* lx 1 c a bTxy a IS* * AotXw 33X^33 ^b> d<_jhAS^3 L Cj^ ^^ ^ ^ 3 

A-*^ (jr^ Ow^ jX <j' 


S ^ JLAtj jl L> £XXA 

r CX> J^jX f ,Ouw ^i0 W Ltf? ^ lll M n i ^ 1 a 4 f ^ ^ XvO ^ 

J 1 -i-ft-'^v I f d Ju ^ y *(J I &S X y~* ^ I X^y d J I J C? 3 J ^ j-^ ^ 4 > I 

axtx C j -“ j ^^ ^ b&>*■■ ■* l^M 1 x_y-J y* 

6 JLu/Xm^^(J-jJj ^ ^jgj " M :^ jiS^ * XxS ■Xvj O iw A (jjjXy l - X^ X3-* 

* Jiw j iXuuuX 1 jJ ^j-o ^ I 4 Xlj^ X$L^I 

jJbU lj ^g-Lx-c ^l^oAp dS —^ Ifc | 4 jjpj t ^ ^ ^^ ^ M ,r 

■ -^ ■" ^m 3 _> 1 ^ d l,i 1 r jJu H Am dj 

(J^-J>V0 (_£ljl>yijrf A L. » 'jOuf ^L*Jlo tS^Oj j I ^ ^ ■V“j L 5» J^ 

^ yj b y ^ -^_f_ j { aj l A b^ I ^ 1 a ^uj L J ^ d i lw |9 1>%J 1 b * *» I d X A I 

^ ^ I XSuJ?^ L, t ■■■■■* 3 J ^jj jjh d ^ X iXrt-LHj j Lx _fr t L X> w—■ -/ Xy 

^jj 1 i_ 5 b/ — lj O^ ^ 4 'X—aS* Ij ^g-L^jio ^ ^ Xj!x 

■ ('1 ) ^V^CS 0 

1^0 (jJ L»\0 I Jbw ^ ^lj ( j ! j^u^>^ (^5! j-/ JO ^ I ^ 

0 U X *** 3 ^ ^jjb i v* .; A.w j 'Xm ^--t j ^ ^Xo ^JW o T r" 

j® friy> * >* ^ U 0 1 ji X 9 ^ o^ o>^^(j*U^c*«wj 

^1 X> 1^1 Xj> ^jj <Slj &S (AXw I (jS^w> f X^i^o XXp-L^ XXL^^gJ-r jl 

- , 5 _- « t-^ .> _ 1 ^ 1 X -j b AU bv ^ j-^ by i Xy b 3 * *** ft 


► |)y ■> 1 jpT>-_; 




J ( fr rf ^ ^ b d J mm ^ ^i).£>db — | 

* JUw 3^gSw^rf ^j (> dXjrf ) (JLj j bbcibSj j 

O ^ (5 yiw 63 c 5 b^ Aj^oj A ti Ajp* ^ t 3 (J Ajm 

* J^-^<»J-ij-* * <1 ~t'jj- i ) *?AA cj^-clf>' Cd >; 4" i^i s, * Q, ' > i) 





$S Cli.^H 1 jl ^_5 I 4 _£ ^ 4 J>vo ^ ILv ^-iS^j -0 JfLi I 

L) o^ ^ ■ 1 r l? 1 A jj L ^_# I_^ji3-' 1 a^ ^ Aiij 

< ^M faO L 1 ^ ^ J J J ^ ^S J ^O^J Jm* S ^ l ^ jj ^ ^fc |0 3^S J '■i | 1 l 




^J j.> { - 5 l i» ‘ 1 Jj t *03 5 ^(»j^ 3 j^ : ^j^os* ^cs*^* (^3 

^_J « *A*** ^j |^> O ^ ^ ^ Ja^ ^<0 J) A—p'^SkJ-^ t-A^Jjj 1 *? C^.w-i-> Lo j jJo ,nO 

• 1 A ‘ V^» ^jul^wW | I — * j 

^ ^ *r /* M , j^ jji l& i < > 1 " Q*w ^ ^ 4 ^w—•—■ lw ^ 

^ f>r*+" j-f 'CK^ ^ I I fci ^l*u ^0 l Oj y 15 


{-^'js 1 ) 


* tAw* ' 


V -is***-? Or^^Jt 


£ - 


J^SLlo 


j ^ oj ^ ^ 7f~ ^ * ^jS Jaa- ^ *3j* J 5 O^^" ^ ^ ^^.k 

^ J ^ ^la '- \ - \ * 7 ?rl ^g*^v ’ J jl l>- 

OkA^j^J^ ^xjJ^ I 1 J jJ*S 5 j I ^ J ^l-tyw 

>3 -- ■ j 1 A ■ ^ t*« ^ m i ^ *l^j1 ^ J ^gJ j lw (iS" -A^-t' 

^ Ad ^ ^ J^X4 ^ U i C *><* ^ ^ JLui Lfe^^lw/ip^ J 


\j i j L-> J^JLm tS kS i jp*7* m * {S 1^jo—^I wi 1 h A jA t ^><^c ^ 

. jjJ ajUT 0 !^^ 

<j**^ jjL^- e4oJ& 

u?u*j j IL . A-i^ -as^3 iS'"^- 

flS ^ q fl ^ * " J t ' y* jjb LjA Liw ^ ^ C<» » ‘ > ^ ^ 




t ’ j Lvw ^ jb ^ 1 




* 1 ~*■* ■'■ 1 Omj>^ ij A ■ j jx.- 

1 ^ Jb* 'j* 


1*0 Ihi l^T ^ Lfc |4 1 b (J < ■'.<> I P Jf-b ^ ^ U ^ ^ ■«* ( iA_^ Jt^-r (3 Jl t uj 

^ ^L ^ l# L& |4^*v 1 ^ h 3 1 *3 ^ Uw 1 Lfe ^JJ^r L j I 

• fsjys^ j* ^ 

*Xa**i 1 JI (3"^ ^ '■b J ^ ^ j ^ t -y -v 1 ^ ^ U-Sui^ Cl^uJ>^ * A -j W jft J J 3 1 

j j bb-^JS^^ Ajww I f 1 ^*3 3 Lw *■ ^V ' ^ IS j^ 

a ^ JLj j 3 . 1 jj c < ^ i j 1 ^j-^-^ 33 ^ *3^^ ^ ^ b 3 S~ 3 + 

l^z^Q b 3_^? ^ O ^ n \ i j.tti. fr> (^£-*3 Lt I * ^£3^ f ^ L&> ,| '| 3 ^ - b &S Aw 

3 *\ * f 1 , 1,1 te j ! ■ fill * jL 4 mU L&O b ^L^J^S-U - ^\^o L 

■ * 3 ^ f *1 Juv ^Ji_*^M*w^ A 0.0 1 1 [Ji *Q ^J-0 IS* j^bb Jj 1 b_s^jLs ^ ^ W*b L^ 

I Ij ^ ^ ^ ‘■^J III 1 *3 y*t lit *3 LunhJ^ 

. ( arginine ^csj/) ( 1 ) • iaj tj* 

f b *^J 3b b i J^b dS~^j^o * C^-bbLP I A bl Lib) 3 1^ ^ 

O^ ^ 1 * 3 jC**w 1 * il ' -i.' W 1 6 3 « ^3 L.b 3^ 1^-^i +Xz* 

^ b .a * *3^h* s3ta£&b ^ ^S ^3 L j i»\ j > b ob ^li? ^ 

^jSLr *3 ^i^b 3 ^ <|M|' 1 A klw b^Tf^bj—# A ObO ^ {j£ b^XfrW 1 j I >. \ ^1L*W l ^,■ 

1 V miIIw.^ A Uo I ^'- w I I J ^ ^*i > 1 A Juw b^ ^ i.* A , 'u.^ I ^XJwtv^ 03 j^ 

T^YAAoo ^ 03^^^ b jB j^ j 4 l 3 J^ jt^ J (^b^^ 3 

1 3%3 3 ' U-ft> > -V ww 1 6 n b 3 * 33 * 4*("£0 iww^o 03^^3^ 

L^—jj 0 ^^ 3 ^v t^$Lfe>b j) ^-b ^jljpjb^ * ^ 3 ^,^o ^ o A-f 

l&Ad^ dS* 3^^b J 3 IL ^3 C <^ b (j I 

* 1 ^ 3 ? ^^ '^0 1 Lft> '^'* 1 131 *3 ^3 ' ' < **> 1 


■^J j* 1 iSf^ 6J *-‘S! (<S~*j$) jj3^ ^-^oj Oi ^ J J cs^J^f —J 

* «i<i J^)o tiL»jj ^SLhj^ $ iSj^&jt 9 


1 1 o 



$S j b M i&^ (. iifc.!,.^ o^^ bc_?^ xb^-^^bb *-X !wuv ^ d ^1 ■ ■*- 

Li ^Ud ^ ^ L i Aj | 4 ^_a>w ^ ^ ^ ^j ./1 

* -Xi^ b La tai kXj L 

^C jJ^^C 3 ^ ^ ^g-A U *i I (^g La J j br J hi 

b ^ i I I 


lS ^-5 s l ~ ^ l a ' ^ 6 -ib* ^ 3 u ' L ~b 1 - Cm 1 — hy^ 5 £jn 0 

^ Laj® i 3 ° 3 j^ usb^ -V b- o^ Jjs-Lv ti 1 ^ > &±L» a ba^, 

iS* vLw L^ |Q^ ^b^J j Lm t ^La^ j.*b ^uyu bo b b ^ ^ u b 

^ *i jS" *XA ^ ^j- * * ■»* J b J Ah* ^ t \ Jb ^^_>- im^AJuf X- 1 hXj |^g IaJ J3p blur * XApA d-4_» b_«r j *i 1 j I 

AUW I ^ Lj } 


AJb 


i ry t^j^> 1 J ^ Q_|J} ^ o^ 1 r^ J j L xS iS^ ^S" 


^-*-^>A*/ ^ ^ 3^ *i b ^ A_> ^ Oj^hX^^Lj- C4Wj J J Jw ^ 

- ^ 0^ b b'V .^ ^ jCh Jfjwyu J j_g La^_) ^ L w ^ A b^v J}4 -j b«j^ IpllXi ^3 3 l> '^r ^ 

^Lwj^ b 3 ^ ^'(jS?^ y 6 W) ( 5 *^*^ tj 1 ^ i Lei 

i . S . A 0 7 ^ w ' 33^ Lfh - X X* 1 ^Lf ^ ■> 1^-* bw < ^jX*u_aA A_* ^ 

J J 6 J^ 3 c —* ^j 3 >° 3 J^ lj '* * -'$j 4 ‘ ,J ^tj* (°—* 

* JCvv b ^ j ^ ^ ^ bv. dS" ■ \ in tf ^^py^v 1 UJ ^bu 

^ ^ ^lO /j b*^ J j ^ La ^ ^ La Lo j ^ ^ 4 #^ £ ■jb ^ t j ^ 

» cit^ I ^ LaJ ^X*. i J\ ,.. f . \ S ^ HH ^ Lo J b*f — 11 |) ^*V I ^/-Ky- a^l 

< 1 ^ ^ ^c l$b-A | ^ji 5^5 fci-A t ^ ^ ^buhA ^ ^b* 0 ^j 1 ^ ■ 

b J <.Vw & 1 jmi hi ^ j..f.<u> ^ J ^_b Oj b La ^5j 3^ ^ 1^ f ^oau^ ^ 

■ iprf ^ J>/ ! b b *i*w J ^ i b^ t ^ b b-/ i ikjS| ^ - |-> ^ l ^ 

^ 1 Lw ip-F- ^1 j > j 4* j ^ ^ ^ b ^ ^ b ^ *i> ^ ^0 1 j i L .v ^ ^ 


w 

& pi 


^ ^ i i ^ ihA^ jU ^SlOiO J' ^ ^ - V"^ b | J 


I 1 ^ AjS jku* ^ S - t w 

Ai ^1 - ^ 6 ( duuJ I * JL w 


b.z^ j-*.**As ^3^3°ci^o^pj t cirf-w 

<1^^ ^^0 . .U^- b ^ ■’x^ * *3 vo \ iS 

t *±J\ ■ ' ■ 1 \ A ^ fl >i b b ' i ^A I ^>* ^ ^ J ^" taf 






JJ* j ^ f JpiipJaJAij l jl * » '■ ' ■ J ^0 J 

* o ^" *"'jjv jj oj j ^ y* ^7**" ^ 

hXj Jl>^ J ^ fci^> j J C*' -So.' >* J L»-^AA^ 

3 0 ~ 3 j iS^j -1 Jjj^ j^ i_rrf OJ*f^ (j^j^*^ i£^ * ' i >* 

fl «i Lu J <^L>4^ 1 i l a MM . i |jLiit>Ll ^lajjl <>5 lMi15^J ^Ia>Xm|I I (j jO ^ i 

jyflj ^ ^AA-aw' jl jirAiXow ttXwdjLf ^!i> • Ju < ^ iVi ^ ^Jb 

^ t')*A jTj^ ^Cl./ i^yjk^^ ^ A^JLw^o 

. a^L 


L 5 ° 


'■?■ Osf^^ 


1 l^u 

Ajbljj- ^Uj 3 j!a *iJb Ij ^ A h3 l*u ^ ^ -ii > ^SLfco oS J ^ "* 

* * V ui^i fe IS 'Aj^- <3*™/ 1 ^] i>^Ai bft>^j l A$" A1 A 

lS>*?" uPfrZj'* ■ 'V w ^r' *L> — >j l$j 3 r*-* 0 'W° < 5 ^ ^3 

► A^i- ilj^" JlhI^ *, ,^iv—^ 

AmUv^ ■* 4 lo ^Jb6 it ^ '■ AyUVj ^ J 

Hi \ w , ^ Lwu£ A iw ^ J"* ^ Lii.^ Ly A " " J ^ v * 

•>U*l ^Lu ^ * AD lj> ^jo "S"’ L jft jj AJui j 1 J Aw A^H^wW 

^ A*4 b L AAvj J C- W 1 U ^ JJ ^ JjS^iCU 

Ju b ^ a »i^o ■ ^ - ^5 (3j aS a j I j \ H T A b 1 

^j ^ b b A fc A A Aj "■ r ^ bd^ .v -'l^^o ^ -Vu* A j *r^* 


-S+R 

d ' i j , ° (oJ^S-. + d ' i ^j(cA ii ) — 


► S *\jjW ^^j-S 
4AJ i (o)-S 


Cuijjl^/^o ^ j Cj A^ L ^ J^f ^ A.i *^- b 1 j ^ i^lL< li^jj 

AJj iS A jS (ji^j l^Ai C <<ii i ^ ^Sj& <5^5j^Js 4» A^ii 4 AJj 

4 Aj^ ^A ^Jh^- A bw j 4^ ^ ^ A^v 4Aw ^L/ i X i i» >^ 4 A^ j 

. «a*T 

I^IjIa | 4Ajfl J ^ j^^IiSL; J Cu« I l fju A> 4^ A^ Ij# ^JaJ4^ 


nr 




^Jj * 5 ^ c ^J~* ^ ^5 c^-tw I iS"'^ 

i_$^-rf5L * jSL, ^ 


L, , 


JUlJ 


j o>* f^y 


i • k v ^ w Lx^ f 


i^ I 


j u,j ^ 


, ^ 


5^ lT 


Li-*: ^Ijl^ I 


L?* 


tSjij& » div l^ ji ^ *i lj o 3 33 ^^ * o ^^^*5 L L^^j&drf 


J OJ c 


t l 


J J E c_ 5 ^^ ‘ Ju 

,j^-£ ■ Oj-& Ij Ij ^j>Wh^W ^ 


^ ^ ^' ^ "*3 <i ijfl ^L 


C 

LM^ o 1 


^ ^ ^ 1 j ^L^» 


w ^ ^ ^ ^a£- Ia l 

J* 15^L&^j^SL ^>- a5 j^i a^lj 1HT1 JL* j J 

L L d5 CXui l 0 KJ -O* ^ —' fj^ 5 0 4 * R £ Jr-^ t^'^r ( 4 -\ i¥*~ 
^ d Ji L 1 5 ^^ ^ L>w 1 l^j *i j5*w {_Jt? 1 -Xp' 1 j ^« X / ^5 JkJujS' 1 %X> ^i5 ^ j ^ 

■ ^^-f |&^^J oj ^-j -0 Lw t 

<^5 *ij5 Lp- lJ ^3^(_5^ ^ 6 ^jrjl> ^*i L d5 *JXw ‘A-juo 1 ^Jjj-/ 1 

u^jj^^jy* s ' x ^ , is c o j o? 

^7t~i *^w * ^ ^U ^ O^ L 4 ^(44 h/ ^ L^JJL* 1 t Am^ *XJ—* L ^ J^i ^ ^Suxo 

^ J ^-S-o * ^ I £ ^33 ^ ^ ’ ’-X^ ^^5j 15 ^j J j51^. j r * ^u > ^ j ^ a5 

1 4-^ ^ ^-S1^j-15^-j ^X-**U 1 jkJLA *i Liw jxxiMvwf l^i ^^jj!5l^u3 

^-J-& ^ <i 5 , ^ 15 j^ i X ***^ 1 i^J * y L* h.O jl <1 J> LilXw 1 L ikXJLiww l^i 1 * l Y-n-» 1 Oljuw 1 

• **-*- ^ (j*-* ^ R c * 

a j L i^jijij|5 L&^jii5L 1 Ajtj Ai- w ji Luw I ^ 

6 «Xm j 1 jj5 *i^\-|>.^ 15 ^hi> kXjwui 1 c 1 ii |G L>^ 1 1 j ixx 1 ^5 io U <3 ^ 

L^hJv ^ 5, * | ^O j| hiS aS ^ 4 Ait I 4 t V 9 1^ 1 ^yW j-i 1 jjyWiJW * Crf 


4 ^JuflL^^ <i J\-> ^ i\jUy|f 1 A-L-Okf 


11 r 



* li 1 IBF I 


t Ip f LfcL juo sij^o Jl_* Jl j-/ ^ ^,^it 6 l^jp-fc 

-A si to ^ -*- j-* Ij J i ^> d »i jS Cv ^ U j Lj J j ^ l I —t 

^w ^ I ^ si jJj>t^ ^3 ^ j ^ -ta £ si ^ si i^w ^ U&^j*w Lji t * ^ * S 1 * y^* L*^ - ^j^'f.THuO' 

■ j3 ^ j ^ ^Jo' ^^ 

&S ^ " ^- 9 Irf (J 4 ^^j- 4 wS* Lp- ^ Wj^w j j^ LQ f ^ L^-> |Q^*i c^'v 

- C 1 *W W ^ *i Si Jy J* ^ si^f L ^ 1 s i -fchf 3 iJi 1 ^ 1 ^ ^ ^ 

(^£ *i Lt- j-* jj fi *rf m i j t-***#-/ ^ ^ U ^ jO^-ljtis 

* ^.i L j-w j<i-j *i-^*i^j ^jl u*Mwi ^ * T | ^ j p * , '"^ - jj'^ 

jl ^jA*w^ 5Ljsj^ L jj-j LS L? ^ J> ^ ii-f si ji» ^ k—** J^av^j5la4 

i sU J joJ jaJfcijJ lj ^j&XpiS 

<^Jw ^ -w^ jJH' L>- p Ali*w^j jl ^1 jfufta 3^3 ^i $tiS *X*« ^g^-Lr* 

<■ l O^ ^ " 1 " 4n r ^^ ^*-> 5^ *^-!$*^^ s \ yhw t j ^lo y ^V . j ^|j^ 03L^^ j*i iiw(3^ 

^Iao«^wJ9 y^rt jl gS^J j *a * ^3"f ^^sitw (j Lu> Lw 

^A^Jb dS <is I 1 ^ jixi^ i^S" L' I i ilJMV CluMji p A A ^ 4^b ^d W 1 ^ I| 

^ lift>^J t o jt jjii-jJhju jLbtahJ ^*Ll> ^ 

^-SL^hJS 1 ^-^ ^ j ^ ' l d 0^3*^ ^ *i t^* ^ 'i + ^ ^ > f l ' ^lw ft 

A.L^.iJ I ^ I *ij}_y ^mLw t IsAw J) ^ J W J * l “f 

f 3*t ^ 6 ii A ii i ^ , r f ^djlsX-fl Jxi-S J 

* | jbhA Lp^ bS 1 i jiu^J ^ J 

p ^ 3 tj^J ^* 1 ^ <^5p * ,, ^ <>t „ *^ ^ ^ Y J t** 

^ 3J ^ l5 _JU o^UjT f Chase,Hershey 

i si—\^J J ^ ■ ■ *>' ^-*0 ^ j^^ 11■ " ■■ ft {_y*3^'3 ^^ 

^Iwtf * ^a ^ J J L ^ *Xlw j^O L j ^ 




L/ j >3 E 1 \ i { " **** E ^ Aui ^ j ^3 \^y° 33^3 ^- ^V; gS* ^ hi 3 E 3 3 —*^g* i^J 3 L. r 

- ^ jllo ^ L# ^j L»Jb f C Lw*_£ 3 E 33 ^ ■* » tX^^AV ^gO 

jXh . 3 ^ iw ^ jilSL tX ^ ^ flj 1 ^ ^h L .i.> ^ ^ jd y^ jjb 

^ ^ ^ Ia | Q -^ E Is |i > 1 j 1 E Ls^ ^ 1 3 E " i "^ — j ** ^ > vw j 3 ^ 

E 3 ^ ^3 ^Ub^wE ^ ^g-^ l ^ *w J r ., \ .i..* ^ ^ga 3 Li -93 3 X ^9 

X ■ X Jj^^gO (J-c—& jfl' ^ (3 tto ^^ ^ ^ j 3^3 X ^|jX Xjtj 

|^J *0 L^ jS' ^ *X*t * N nP^-C ^ 7 |fj|'A3A^ J_- ^ ^ ^ E 3 *1 (^J L^j 3 ^> 


>3 ^ A 1 . ... ^A 1 . V_i“jt.»-J 1 ^.^ „u 




^ ^ | ** W ^ ^ ^ E - - -■■ 

g &.L y *fjXy qS* A«i^go j&^JLs4 **.wt 1 ^^—* * | 'Xx*—^ L 3 j lj 




—15* ^li^l 3 ^—* L •>// 


■ *x^3^ ^ Ju > * E> 3 ^ Qw^ lx ^ ^SlIsl*^ E x* ^^ ^ 1 in 1^ 

3 I *3 tiu* Uw Cw* j L^3 ^^i^Lj ^ xjjb^ ^ ^ o^^ t? 

< 1^0 3 3-; 3 (31& J 3S-I0 i Xi O^ ^ ^"^goKjJb * XX*^Lw^g 4 ^1Ll*o E3 

X-Jjj-r E 3 L < 3 ^^( 3 ^ 33^3 f 3 EI rft . y L» ^L&^Jj 1 mi ^ 333*1 jE 

J l^jAX * *X X tf jE 0^ ^Luv ^3^* ^^ A *u i ]—* 5 l w^ 63^ Lft>(^|3^ Eo X>\jA*^ji3 3 

^3^-*-^33^ Libt_J j^V lo * ^_J Lu3> 1^ ^gXj-Ro E Ex^dwlx^ 

E t5 3 U ^ ^ ■ " f , m ^ J^?3? ^^5Libj&4 ^E LjlXaaw I ^3*x^ 

iImv ^ ^ r^\ U 3^^ ^ t^S3*^ 3 ^ * l ^* rf **^ 1 Lib ^3 ^ 3 L.*4> ^ ^ ^ \ c »> L ^iu^9 

^ ^ C^ {Jp tjb l l “t*Q J^kiih^ ^lib^lpE ^3!^ L *-aX>w 1 3*Xj 

< Caw l d Xu ^jEA^d3 L'?w 433^3^ ^w E Lw ^3 3Aw. fr ^w E L |«3b <JlT t^3^3^*3^^^ 

j XJb ^ 3 ^>- C * 1 X ^UW ^ |jX>y L ^ tfc^^pMiafr E 3 3 ^ >■" fr 

, ^>^<3* (>^33- ^3^ 3*i ■*// 


(3 3E Js 4 _*Inn ii 3 3^5 ^ Ly L ^ 'n”im E ■ i313J? 4 XuS|S 1^ 

( 3^ u 5'lj^ E 3 ^ Lib ^ h3^J^3 | 3 ^ ^ l'. 1 j ^ Lw " | ^ 0 I 3 d t Lma ^ 3 (^ 5 ^^ 

^3!^ 3^ ^ '3 jSl ***3 L^ 3 _' f u^3> * ^3?^a ^ y*u^ <<■ 1 0 ^3 ^3^33^3 

L Lj \j o T ■ > -«^ ^ ^ t go ,5 j-;U o^ 





^ ^3* O 5 ^ *$J* X> ^-' l t^^ - ‘-*- ? - ^ iS jJ* 6 


. ^1^ 


15* 


dS J ^ 3 J ^^3 ^ 


t Xw 

3 

Xrf 

1^ I’rAkJ f 


^ XJjlo 


! 4^jl) 

j^'j 


0*^3# 


3*J ^ Jj^'Ai? - i Cw^slj jl yl^J^jOJ g^j^l 

4 ^ ^ K jirf hL«4MP ^ i' y-* ^ ^ ,.L> j*i flj J JLmv ^ ^ J L^UtaU/j 
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Amv ^ ^NA <■ * jj vp < ^v _> L a f^j f» a>.w 1 ^ 
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Figure 46* Profein and Nuc/efc Ac/d Compared 
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tJV i .f l I Sy nV.j Hr 1 nXa> aS J t> 

* 3 > i_] jH *wwO T ^ff lj l^ C ^ ^J Jy w jj t J^S 1^ U iiO i | o 4J& 3 b 

» «Xi 3^ i 1 ij dW t i 3^u I ^ 3^ d Am t Jjl 

j3 ■ iijS^jo I j 1 (jjl # 3^/ I jl ^f i f .T <i ‘ w M I ^ (j^ I 

J <UL*0 I 3j*w t + ■iLj.i^ ; J h-rj 3 lj j-l^j o Jb J Ud ^jlj-t 

C fl Jj 0 T JLi^w I J1 j^th^jji j I ; J^-w ^^j^ j H - ft * Cuw I | ^ ) 4*A ^Jj—^ J l^r 

y&Jb J jl 3 i g j3 y ^^ajha j^i l^^jT 3 Ocw I -bAw^iid 

j\ <& p&> ur3jt ^3^ ***& ) * ^J 

»|« 3 ^u/ ^jo ^ aj L^ 1^j^> ^ i up d-j ^flj 1^ 
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L c a ji**uj& ^jb L \S-t J-o Iw cS a a*^o cytoclixoin©s < 
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■ 
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^ f_> IS* lo ^ A ^I> j5 Luw^* Ifci^l lo 

k A-JjiA 
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1 J 4 lw ^ UJ j!^ia b RNA^| ^ | ^ o AAA j A 

■ Ao l^jO Ctitf/A^b K ^> j I j& L^ rtkAJ ^_|jQ bir ^jj bb^J j^ lo b DNA3^ ^ 

^La 15^ * Aj A^J (^j:??* 3^^ ^ 

AJA^jA; A^l Jjlb ^/AA> ( AjJtj^> (jtftAA^ jA flS Owl 

^A ^ j^K^J ^bbjp^>wj A? AIjS AO j AA^A n*,>h 

■ AAJb A |jiuu A^> A/'^i fl> I jl ^jIjA 

bv Clf tf.i 1 1 A tf^ /jj v^i J A a!? \ “ * \*t I A Aw L> J t>j A 

yooo b y o o vl)^ jl Aib ^w5- K jA A> n> I JjSLl* 

* iAm I AAAv dA^ Lw 


“-Diversity of chain >f?A> £>** 

A rn> b jlj A ^Aj^j ^ Ow I ^^j^-lS^wf ^ L& A ii<F I a 5* AA w l$a I Ls ^A> 

Lfb A^vj^JS^ Y O O L y r - r jl ^ A Lav t j Xj 5 l^ j»j Aww I j A-AAua^ IjA 1 a aS" 



JLs { | JjSJL Cluw ^ C«wj ^ ^AS^jloJb 
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Li^ Cuw ^ ^L?**^ 1,5jt^> 

jl^%> ^JiO lu i o *Xi^o jl^l>l J ^V *■ / l »i-f I ^ Juv 

t AjjL'***’ jjJ>wJ b C*(W^ d Am jtj!^ ^Jb bjL ^ bjL \“* HP 1 

v Cuu j J I i M l* 'j-'^flpj i> itT^Jb 

* *AA^ b * Sg " »J J—0 J fl F JuUMM^^O^ j^jJb ^bjUwl 

^ Ou-S A l a- > » J bu A i n .rf i^Mf^JS^-r Ijliu — ii \ * ^ju>^b 

*1 ir 

' l - tii C5 0 “3“3 — 3~3~3 

— v A J b 6 1 im b f j ^ ij iS ^i i w ^^jl afr jb Cuvj J 

— j^^iJSjj Ijx;_ * \ * >3 b^ Jutf i (c ^ t*w i 

Y/6 jjb ^ ~ jj Ijju 

aS (^ 1 a l a jy * to ^JI>4 j < Cw 1 ^J jS Jlo ^1 j b 

lj^4,> Ll/ b ^li? 1 t — ^jj Ji-f t_ii^~ j.i.^ii __ Jw ijC^yv^w _ ^Sjrt ^ bci^^uSvW 

4«ub b Jjl A o 1 ^ Ai>^A ( C w ^ — ^ ^ ^ _ j jl ^jb^- 

( < .v < m ^ j^j*i ^ ^ b***^ |9^ L 

^gi »j ^ * l^Sb f (_5jj i ^ b^iu Lj I a_S 4 L*^jTjj& -< Ib 

na— 1 U 4 ^i^^) McCaxthy- McLeod- 


oS" b ^ ^15 Lj *3 'J^.J bb ^ ” | t ii^i>Oi,h frW * JkJ *Xi£r jl jSL 1 ^ 'f' id bw 

>Xmh I ■ A w b d LaIlw ^ A^ L ^ d I^JLj A-j j . L *■ 

* Ctwjlyj^j (^iXpjiK^jIjii Ja& f tijS^o Ja> ij 
aJ A**iLjA r Ajw^o ^j 1 *jj^ b^ySL ci^L^^ilsI ^jlo> ^Jb ^1 jj 

Jkiil a. aS ,\ Vf i?> lj A^>j ^aLj ^^ju j ^ ^ b 1 \, - 

^■ \ *r * J)^ * Ajj J io 0 l^jA> • A_* lj ^Ij^j A AAA b ^ ^w *J 

* Au£^gfrA 4 CU*vj^ 

* Aw^gO lLuJ^^A (^IaJUwI iS^J jwJ ^*3 A ^ ^^t_5d>Aj^r (^ttoo & 
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L f Ij JlP IS U ^j?Ij^^jio^jS ^ jjjjjjla 4 COy^ 

Iw ®^*j ^ i <j i\av IjJi d .<^-0 ^ Ijbo^Li.i^'I ^I^j-j !iU! dSI 

3 * 'i^tajS" ^ l ^ aJ S '^ L& JLjuw I ■ JlQ 1 ^jjO A^l jJwWA 

g ^ L~ " j j) A t jj Ij (j^ ^ J^ji>«4 o^ ^ f I *x> Ij ^ ^.* 

j-t Ij^ ^Ijhcu-v*S l^%> ddS *x.»ii.i j.f {j **^iii ^ *v> fS j-JLI IS L tjS 

t &j L iijjl^ ^^a> 

JLmA-^ jl r^ a * ■-. Lj fl "i^J 0 j^iO> Ijj I Okj&o <Xo-J& d ISj-fo 

t V^> I Jf—<—f ^ *^7?”* 3^ " IS^—* I* ’ -^ W L C^4*V"J -jt C w I 

»_r-r«f-i-t-r-t-i-T-r-r 

O^jSac J . Otw I J|^fl Ia j) I ^iJLo j6 I J|I dS 

^5 'i U -. ^ I 1 Jl _ 1 'j * |4 I *iSj™A> J I tuhO ^ l^j I ^1 J Lj I 


* *L *uw ^ d *\w 
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jL-SiT^ ^ 3 L > ^a J r * Uc 3 djJ^^w d ISjA < ^ S j 

— *^ ^- r <■ Sn > <3U> jJ « IjJ I *^A rf ^L/ dS C^lw^4 

* JLolS ^ I jm 4^j-^J 

I ^y l^jS**^J> 3^7* \_y^ _J*^ 1^ jS Jjl ^gSu * j '* * tit I j^L^j^ A dS 3 I hJ> Lw W 4 « V U 1 1 

1 ^ fY (JI—^ j — j Erwin Chsr^sfiL-S j L>> ^ ■■■ i c *.t ii >0' 

3 Or?^3^ c t> lw ^U IS dS o I ^L>wl I 

dS - L f A * ~M ,V I j ^SaIJS^J i n r I 1^33*^ JJ IjJ b ^ 1 dt^ *'V.' _^ri 


j 4;^* t$0—? O^cs* 0 ^i—iff (r 3*1*^ ^(jl» j * 

^ 1 * C?c^ ^6* y-^ j j jf ^ L <S^,jjj JstSjt jj tfbbtjU 

jf 4^oj jtojJ C k‘~‘ ~ ^?"<5r j(k^ Oi^ ^ j( y^ (J L* ^y* -Ui> 
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* p„ Mr > b J jjT ^ lu mm -.* ^ Ijrf ^ 

*\j «i^ I tSj ^ ^ i 1; / m 1^ d^ j d ^ d Oj^9 ^jd 

4-m^ C*i L> i , Sb * d^w^Ouf dj^ DNA‘d ^3 m i\_p Kjd^j b dClui j < 

&lwj I b \ \ Jj S L^d»> lj d l jT ^ ^ dj^ I d.> Cm I ^«y0 


^ ^L 61 JS ±J 


•X O 1 ^ Orf^ <JJ^ *X9 ali^ 


dhJkJ^ Cl 


J J 


< d^^AM^0 d^!> |^_*p jft JCw^ 1S^^.L 4oJt f ^5^ J^bw 1^i* ft 

. ddjS^^j Ia^T Ah^^o Jijt ^djj dJ^gdlo^ b 

4-UUJ ^S d^V^O |6 L>W l J, UjT duM^ ^d i 

L idj^c^d U 0 T 4 B> j r djiuL>y dA 1^> f tl/ ^jT { JuSud^O ^Jbjd 

i did dA i^> ^^bd 4 ^pMM 4 d dfbj 

bbj i i ^ ft »0 U jd * dw |1 l^w I ^ ^^AlI bv ^d ^juj bj^ I 

] ^ Ojl i up C/jlj d^dkd Oji |W I ddj^ jl ^JdL^ 

AJjj? jl ^IwTdU i &hLm^4j ( ?' | ^J^Jto \ ^ o^i b d w— p bo b 

4 1 K -i^ S O j d Ad^ JLw^ t did 4 d^w 6 did j^dyQ^ t O (^j^) 

t^lAdJuij d^d—f ^5 —Jjj—juia Sj \ £ ( QjSJ-'*-') 

o»i# Uj^SL aS^I jl o**v * jjiiw aS ^ 

^IftAiiiivj *Vo £> IjLxt t XI iViii ^ o ^ jbi< 5 i i* . * « ^5<it;j 

tf d^/ iAdudj ^byj^i j ji bjd (^^l> dS ij * J JLjuMP i ^J Iff * Jyd^ ) ^ 

16—16 ^"cS* 


x^slrf ol^«o »~ 16—16 “DNA'W l*t5jj£L jl d^1 



JLw ^ , v « 9 L ^jl>i ^ \ f ^Cji> cS 

^x_j Li; * 6-j 1 ^ 3.^ ^ , L , ^ i i i^jj 5 > 

^ Oj^^ j ;;i Os.^>Xw I jl (j*w ^ f ^^iuo Ia^ 5 -K^j 

qT • 1 6 Oj Sjrt* ^ 3 ^ <J" 3^ o=^ JSi 

1 ? LS ^ L? j 4 *' ^ 6 J** ^ 3 ^ d JUr J 

jL <L Lij jA ^j *^3 sXp*I*« l ^ j-p ^ ^ 3 -j fl o- A 

3 ^ 1 ° (3^ U V A —16 A^ ^ + ^ ^ 15 * 16 

, ^3J>um4 3 JpaAwp |& I ^ ^a * 1 ^ ^J\y ^3i_.— ij*w I j^l> ^ *■ 

^ L^ 4 awj 3 t^j f i—^JSL *— \33* ww '^3 ^3^-- * \J S 

y (J | ^ *i*Cj** A*W I jl ^ viSjA (^Jj Iw 1 Ou Ot^ 

^j ^-V* t ^ Iwp t Ju 0 ^a> ^ ^ 3 Jvdtw 

*■* i aj »i ) f ^2 Is- L*-^; J L»- jA ^ 1 &^L>“ \-*** ^ {** 3J 

3 A? ^w j^SL j} ^i*iS^A aS ^ j ^-S-AJS^-j ^5Ia A-uji/ t *X>- Jaakj aS ^5^3!^ 

* ] j^— \ f JSji 

* Ju JLw^o ^ Aj> ^ J Ju p\> \ m< * i > fcJL*Au 1 dJcwj 3 ti * ^ 3 ^/",;J ^ .i* *> L 

* 1 T 5 16 U ^ j 1 LS 0 ^ * 0^0* J J 

* ^3^ ^jl 1 3*i A> AaJ6 j J 1 >^ 4 j 

a'm if jh J aj^> 3*id^j j^jjs) jL i ^L j. j K ^ tC Ife ^j 11* ^ A * ^wf^ 

V f — 1 f ^o ' 3 16— 1 f IlA u 1 j^ i^*- 1 * ^ J ^ ’^ 5 * ( U 

^3^ 3>*i 3 ^ji*j l#31 ^IfeA** 1 ' f 3^ j! 

4 <^lrf 0 ^ 03 ^ iSj^ii'* 3 v& OJ 3 J^ W ^ 

^J3f^ ^‘^SLJ"^ |3 to ^1 1 i ^ **LJ j& j i jJ La^JA*J ifl jT 3! ■ m ituf LjtnA 

Jl>^*i \J ^3j^(jsf ^ dS^J ^ t jgaT 0 uf Jdu Brook H&v^n 

^f 3 j 5 «j/j* ^r- w • d *3 i-Aluw t 3„ J ^^3; ^ 3 *±£j 

• ^^3^ 3 3 ^ f^ ^3^^ 1^ dS Jui}l j 1 ■'■■ ■ 



OaJb 


^ * aS <. " < * L 6hX^^L>wl ^IjbjlS 1 

* ^ 0^3^ '*3+** j 3 tj ' 1 ^ O^ (j-^3 tf *3*vb^j* o«vj 


i wt b j^l 3 


j£f* O^j 1 


drf 3 J*° ^ j 5 " — j^,L " la—1 A"^» *z»£J&£ 

* iXw^O 

&S ^Uj j^o^f ^}L-3L«^ j3*^1 

j t^9 C«U L>- 3 ^ b * 1 A I tif I A - V' ‘ Jl1 -^ ^y^ww.1 ^ k^bj^ jJ 

- 3^»S kX^-*F ^ I aS^ ^"imjfl MI*^ * LlL/J 3-> A_jr 3*Jh& 3 

^J<5° ^ e “' 1 (j^j^ j£5" ^oS jLj* ( Li- 

[Jp * \ w*** ^^ ^ j-* » b A ’ i ilt Jy j I ly^U b &iv w ^ 3 ^ blew lj 3 ^g5b> Jb » 3_*-W 1 |^ 

replication o** 3 — ^W aA - i *>?«» 

0^ A^A^o |Q L^^A j IS I t I^Jb bb m < At—»—* b^j^e jt t>wIdw 

^ o-^i ^ * - *^ ^ A-jbw^^o ^ |h p. ^ C^LMtj * 3^*v^o ^ l r» J ^ ^ 3^ 3*^ 


* 'A-A^^g4S JlJ^J I j I 


J j' is' 


,1 ^|jS IjlSw 


^A93 ^m' i ^ 0 I ^jp^j f l 3L£ b^u A' i i ii j ^ O^ulp 1 y& yt t SLw ( ^ 

* 0 T O 5 ^ ^ ^ 3-^-3 L * ^JSLw Ci^ I LfcA^lXw j {_$**"'* T 


* 3 ^ 1 o Lf& 


13*33^3 3 1 


jLuj>J jb^rA^-p jix*rA*J Ij; 


>?** O^w J ^3J 


3^ (jS^3 ta ^* fcP O ^ ApQ.fr> i jiujl a^j# flS b ^ 3j^3 

4 . ^JyjS ^IaAu^Ji 1— 9 ^ bto 

3^jQ ^ J^ b ^VM^O *— 5b r^J^' — u3“ ^3 ^5 J ^ ^ JpjAivwJ J *Aa 

* ^AaS* ■ k i> - A 0 *w *A l^j -A^d^ Ia^j^ ^ J Ll> bw J m_ ^ ■* ^ ^a*P ^3^l„5^ 

^AUUT ^ A—p bw 3- L b ^b-^w ^J j- b ^ *A lj A^>- Ct w I i ^jfV—' b^ ^.$33 

A* hi l jfi lj i^i A^ A^- ^ A*& A Clc IA I Ol^ A-> ^b> b b v-* ^ 

^ I fr^A”u . f j ^ (^-*-0 j ^bv tS3j b^ - j ^A flS C ^w I jhjj f - 'AJt> 3 


* A^i^ Jbw b JjS OiWj J b |[j j b b jh ^^r^iff jjf 





tu*_£b 




• (^' A -'j LT^^' i ^ 3^ t5^ J> ’ 

f lA^t^h;^^ * _ ^ 1 * ^ IwC^ L*- L Ijh X tw ^ ^ < m> j t C^w I d^J ^‘ l.^yQ L/ ^ ( A-L^fcJ ^ 

L?^_^ ^ tVL. 1 L^jiJ jG^i) 1 ^ d lj \s I L^jW 

^ * L>.<^. iS^rf^g L ^IjbX****^ AoJ!t> ^ Q iJS o ■ ^C-S* ** * *^ ^ J -1 "—' 

*xJ ^ ^\S i ^ ■ L m > L jl i *L^-X$ I I 

j ■ —. » ^Lq*£ dS" ^Xw L I L, oi<^w 1 ^ 

djy ^ jiw ^ du dS* L xxil*i L (\“u ip.j Lm p . * ^ Iaw ^ 


*■ 1 Xhh 1 L di if, 11 r 


crj*^ y uJ^ 


s. 


(_5^PW L ^gljb d l ' w j ^LpO j 0l> l *\. t ^1S*I i J L>- 

i ^jm JiL -p ta.^uww ^ dS" ^ ^—* Lo ^tX** L&^j^3 1 

* Ar t\jr*7t-g {S*^-*} ^ Cl^ JX>*Jf 


U>U»* 


^ ^ V «X*w 1 (JuG.lS* d hi : jo ^ {S jrl ^ rf T W ^ J ^ ^ 4*i> 1 ^JmO ^ d^ jo fr> tSj ^*A^j4^^**#pJ Id ^ 


1 

o* 


K i/ J l* T i J j ,J tf la >0 


>* J* 


if dS" Ol-iS" |Th.fti « *d -A— r ^_ J _^_ J ^ d_i ^j| I jj l— 1 i mA 


—J L Q--1 ^ <Xltu/Jl dS^ wO^-tS^ 

dlxsiJ ^1 U 

0 ^ ' < 0.^p J Ct wj *i 

p p *x i t-SLr d^S" *(jj^*i ^jlSiei p > aa Xi ^_J-^S!auu> 

i^j^CuA lib iJsL^j L ^ J j f t>* X lj>> ij ^ I Li 4 j^s 

^^A-ppl^S^ i ■pd^uf^^O <1^ Mi ^jSLp 3 ih <X^ ^ X - dJXutf ^j <X^ ^ 

* j*^ L 

t 1 “'“■ I ^ xjbl^>j ^‘A"B*^ ^JaSfl ^L15 I frditw^ p4si>- L^ « ^ 


^d£ + Cu« ^ J L (j3*JLo j /j4 L cSL ^ 

|0 ♦ C>^ L> Qj flj taf' f ^ JjJj> j J 


1^0 



gML 5 i.V w 1 Ij 111 Jo-J l^ 

* ^ '**^"' — 'i ^ ^ J L " J jji ^ *A ^fk 1 

\m ^ I I * «X^ ^ 4ll*Sj ^*A 4 ^ Ajl^ ^ ^* tf<, ~ ** " *3"^ ) L?J ' * IP ' f J ^ 

jIaJ 1^ | ^_J ■ < \rt ^' ^ ^J^lO 1 A jlJ J J fl i " l. M »^ 

f ^ Ls^ 1^-*-? 1*3 * lXfr^fr *3 ^ L-L w> J} < " ** Mi ^ ■* ^_jy0*l*J>v0 JJ Julw.th Li 

( ^y~ J- 0 ^* ( p*.w t 7')i3 tSjL-Ci^^i^j O**-* 

*itafb A -• ^j_juhj j <_■ nr j*i Ls^- jl * J Ihi JJb I^JXi^l, 


| TVA-B ^ h **1 c«w^ 1 

< ^ JL uW 1 ^ A,>«ul-^| ^ 

* d ^ ■LT^jj&^jl^^ ^u'jS < jJ Ij | ^ <w— '“B ^ 

* Ju5jjjG iXw Jl> t-J?A Uo iJ->^A h) (^!jj Ij ^lj ^S^Jl>jA AlJI 

^ Ij i Lj> ^ ji^^/ * i ^ S '"' A *Xm**+t 1 

t 1 " Jjji ' ^^liud d«uA^wr l ^ jj iA t jfA ^jio l*u ^ ^‘A^BijI Jw^ 

L fj Alw ^jSlwil^j ^ i,A'*0 |Uj jrfT i Caw 1 AAj? L 

L ^ t A^ A^lj (J j 1 nr jlS jA Ij ^ (^*iL^ 

^ ^L> A ij^lw j A | L x l > I d*A * P ^ < C*w^ A ^ulAi 

^ A^J UUw ^ | * aJ^ t__| j Im p j A ^ lAt 

* 'A Jj-Lw p. tt *Wi^ r pjfc* A * L?^^f L/ J&-«*-^j15lo O^ ■AsA-^ 

^ A u IjJ Lfe^jT jlovw iS^Jl^jA A^w ^o * ^jdL^Ln J^Jnw ^jjA> A* 

■ (°-^° ^-'(^ ^jUp^w iS o**- l O^— 

J^JL L j&^jw ^ iJ^Lv 1 a <£Ls 1^ a^> d ^ A ^ B ^ < v,> i» I £ tS^y& 

a./A c> jL^lw ^^[Jj L. A o ^ f a ovum l>jjT jl ^ (kAw L 

^ ^ Aju *''-^.-^ j ° 1 ^ A j C4w ^ A AJbi^^ A^L' j _^- ^A 

^wLc^>A ^ g ,i T >.. l < ? ^ lC &-t lj Aj A-> jlj^lw d^^j^du | A«jS^o A-w ^ 

# ^ji A^> l^jj^ Iw d jL diS |Jj ^ du *aI^a a^ 



t Jlj/L fcJj 




^ ^Jy> ^ Qj&Jb ^ "iw j iw jb^luu4 Jo IS * 

t J jlt\^ M | i^ljT ^ifc jlii'c^ lj ’•i^> ISfl^r 

* liS ^jj*>C*wJ J 1 > jJ I lj Jybo b dur L J^ili 4*4 in J jl jJb 4 S 

j| 4 LSl 1>- J*i <^1^1 ^ 4A-U- dOij *S 4*;jS ^jB t JU j£><± 

^./iCfc^r J^CTAGu'^ J ^ Ailij. + ^jl> J e - dUj 

jrtv jl 4^i> Oj^4j TA^jA^w 4 SjA J . C*wl 6ATC j^j^-; aS Jjl»i 
J S W ^ ^1 Iq S q C ifcw I [^ ^ O j O p <t * ^ ^ii Sj JjJ li ^-AhXj ! j 4 * *L h j 4 

li ^ Jw bft ^ 4 4 »iImW J I #4^jL^L’ 1 1 t| l | l N»l> I (j^ 4S 

<Xj l^ii * * j I ^__Jj S -b <n .Sjj ^ a j I j ^ j j Lf u 

* Cm I 4 Ii$j cUw4^l ^mu 0 fry ^ 5 ^ d Jbw Aj L^/^Aj>o^*w j j aS lijJ 
^^Sqmq h\^uh* I J^SL j^j^S - - - l>^ 4 4Liw^ ^ Ub ^i,> t ^m> 

-# Jw L jmJL C^j^Lho jii J bj lo L Cm I 

jffc fti jL f JCw I^J>- |h3 I 4 ^ ft < ^jIwA Sw mJ jlj j I ^i.bbjjwAt i j ^L ^ cfb 


* 0 “*^ 

t ^) L I j ( ^ y * ) 03=^ I aS i= >j - ^ o J jjiiSli ^ Lf 

jl -mutagenie agent "cS^^b^ J*U n 

f - ^ 1^0 vSjhJjb^O lejS < mt * | d ^JulS^L^I ip» ^Sy^lJ j 

^bb^So L Lfe^j^SL ^L-o j j ^-pjb^o 0 I>* t ^Sjijfi U^i aS ^Ll>- 

1^ J CLw L Cwj ^ ^jjj I 1 L ■ ^1 L | ^S>j^ {^5 L&j Ii ^ Lv jj b b J o 

bjjlsi-^ I b jjjJj j j >Vi ft ^ b n S.w J <i J, *nii w dj^ ^S>J^ to 4 I iSb ^^■ V <U T^ 

* ^S^ ciujub 

5 cSrf *^3riv ( j ■* 

^ IS C4w! ^jSflwQ ,^jT J.o^aj4^ ^ ^JjJjJpaA 3 0^ 

^tr aS cSlj ^j*ijS aS ‘—‘"'I 0***3“ t - i 'J>'®k>* 

* 1 ■ * * 1 T^ IduI ^J£ Ijj I Ij f jiu L/ 1 jT* sLj ^J1 0 'lt> I4j 



I b tSjj - * ^ * < ~~ W ~' j j b^o ^ flJ'j lit 1 j J Ls 

03^k^ i^bhjji^b 3 (u*X^ 3 *V*“j3^ J3-* 

oUh Kj t 4<oJb * ^ L>v ^ 1^ j ^ bd J U a5 [ ''* ,j 1 f ^ gj " - j 

^UJtSb-lIj 1 >--L?-«X ; J Wv' J>i- 033^ i^bh( JtC^b) 

** U^T c£ j^,T j! , «_,T ^ UbJ^SLlo ^S^oAo * bbJjS-U (^bbdSb -hiljl 

* ki Ca^L ^ j ^iw ^ ^|iotfW u >^.“ 1^0 

f Ji^jbuJb ^'- j< ^ I 1 " J /■ "*■ '» b> ><*■ ^ J IaS J, LjLIAU J ^ 1 UbJ ISL* *3 ^ L LjtaJu 

jmjq Ij U^ i &ejb Lw^jjc 

XAa Lib^£*^As t (J^**/ »i ^J I L i-> ^s!S <1 l^j-fti . JuAt ^(3° 


iwufb 


* t j Ub jJj l ^ AXiS -i w* , i iMr 1 Lfl>^ l o U Li 

4 <.—aa.v f ^ !\ -< 

^W Ll> l^bb J^JLv <>JSljWW^j J|^>j| f tXw U bj^& j^i?X ^ ISj^Jb 

I j i^bbJ /jlS Jjjl j 5L hi Lft>^^ 1 in ^ Jl > b Xuw l ^ ^jyw I C4w ^ ^ji^U 

t ~ i U-fe 1 i ^ b m X ^>w4 O” ^ * ■ V rfi ^ O |0 ^ 

XIh^^o <S-i£> j_£ ^3** bS^jF-s* f^ldCcuhJb ^lfe^uw^L> Ljbov j j)Uj>- ^3^ 


Xw^ ^Jp bbj l o L L^uS^rf L ^ijb ^jL^jww ^Xh> jlJb 

(pj-'CW^ O^jt * 8 * ^*o' j^t-& 3 t js ,. ^ 

| bw^4 j J ^ 1^ j ^ Xaj^Lu^ Lfc^j t b* Ub^JJ Li^O 

ijjjjjjJ j ^jiJjl J ^ bdu 4 Jlu ^ ^ L^> 1 L^a> 4^i 

f JLw L ^ | Jjbw^4 

^ 1 fofl b> ^w 1 5 Ij-j j *i 1*3 Jl & ^£jj {j^i c^ < ljMrf ^ CJ£ J ^ 

Ui t^i iS t Cw I j^L»- Ju> ^U Ij U^o 

. ifck3 t^Uyjj jl ^gjlj^-i I /C* ^ “ > Ij ^Xj ^UJiw 

x I^Jb ^ bj*i f l^I> ^*uS 1^ J^j ^bbajL ji 4^ *3 jj |Qb ^j/U|ji(Mb 

Ij U 4^ ^yJtw-stiw ^Ui4j J ^jX> |>Jk . J-aw? i jj^>b jljJ^ 

(^jL/^vwJ 4jj^i ^juwti ^ j!S 4 *Vi-j^a ff> * Xa5^a ^I^Laj Ln 9 



■ 3 JA 


■ a^a {$3^ 3 ^ ^ ^ ^ t i^3 ¥ } LftHi^j a L^*/ t jSj/ A 

A^-A^ck^ &-*iJ 03^ LJ ^ J 1 ^ AjIa A^j>jj ^yL*.SyoJ& j* Lid** < (J Lm> 

Li A II' AA ^Jn£>- ^g3 j^> Lj £4*3* j t ^ O Aaj| 

jjjl jaA Li jt>J i^j-/^0 ^Jj (^jlftjj 0.1 j' ^ ijr^ 

L ^ lj f t h J U A ► C*y/ I Aw LimQ^Ji^F l, ^ *W 15 Co J I A 1K> C * [ji 

j\ ^l^i>jd jA f aJ^aa (^Lto|»-jj-iT L jj i a^J^a LiLi 


J A ^ Li I jJ Li ^ ^1^0 * C^hU ^ ^jj^j) jJj AwW ^L*iJ <)djL>lJU j Luuto* ^Lwu^ ISlQ 

<Aj Ifl ^ | ^jjp^b ^ ■ ■ in ^ Jj^-L dJ-ftijJ |^ ■■ jmf I A**J^ 1 * 

L— ^JU. jAU 3 jAl^ jf jA Ajl^i^ J^A i JU-j&d*/ * Awj^j* 

jl *ij^a l Su Cu«A^ A—r Ijl/^ J^ w jiiU ^w^J> * AjS* j3j”i 

4j ■ AA A^jfl^ i^luw ^ A^i- Ij K. , I ft O' 1 ( ** j *^jS aJ^Ip j L*o 

^LW _ \j*j HU duv J i-&jA>r A i C<> 1 jftJb l^>w Lfe^j 1>^JJ 1 j A aS ^g*lw li) A 

aS JAwL Aiw l A jL J ^,iw L AAv IA lj ^jpLpLi C*w I 

+ | ^ A Xu^o | A^i* ^e AiPiJ^h) [jj A U 




AOu^^j^L [^jli^> A^lo jl Lw4^ U d^j<i ^ 


tl^uP ^"L a J^ O L ^j T < ^ m* ^L*> Lif C«Utf 1 -M -to 


|^i«W J* i ( ^f-i^ ^t > ^A I (j#^ 1 Jt*« 

^vLv 1^ ^ A^_> t5u A^j J^ * aS^j I jj*u t _L IS* < I aJ 4 iAj^ J 

^gJ ^S . U ^I’liif ^ A^ jA ^ T* ^ t iV tAwfc/l A i AjjS" ^jn^^AA Lw ^L*i O l AJb L ii o 

f A t , Vft A ^ ^ Juw Li Ao j A L 




^UjI A k\ <iiAi Ltf 


I^T Ut» * \_> Kj-> t i^Mwl (^jLfd^VwJ jJ 

<JuL t JjOVj J I 1H44 I jJ fijjj 3 1>A-; 

jj C/I.tw .9 < <.ML> t * jsLxjl oJ^^O j J IjJbiU * Jojrfi 

l*i y J din* ^ ^yjj ^ oliwb 9 ^ L^3^ 

^3 Cj Ism^ ijj I jvuw (^bb^ijSJS^ * Ciwl | oUmJ 

l Ow^M/^ 4 C^> jh fr ^U ^jpUV^4^ ^ kX^ ^ 

jrf^S*3 ^ J^ 9 f l*- jJ j«t ^1 o£ j^L^Ua 

* ^d ^lL> iw 

• 1 J d J*i • ^ 3 —*“ -; i; L ^ ■■■ ilv lj 

^m>^^‘S 6V6iro Ocho IjJt |&lj£o L^Luiw 1 ^tSLj4T I 

(js*^ G J Aj^ ^ jl 

p j>- ^ * Jlw !^91 J^l O 

<L^jS" jS w kSjli f jtj J ^b&^J j^. L aS jLmUw ^jlwJ t Jlw OwL/lftdJj 3 

* *X«J fc^3^ 

AiS £3 j-£ O Iaam. 9 ^^ ^Lu* < ^b L ^uS 6 t?^A) 

* | Oml Cl#! fr,m 9 pj*i 6j|j? flS Cam I d*Xw J L^a«Lj jT OLlu 1^ 

• J^ l ^-b ; * i ^ A*** ^ jl <■ Xjt ^** V ^'j SJ Sj^^gJL jj*>wj C»jy# 

OyliuiS^ii L t—-; • 1 AAAAAAAA. • * l—j tiJj-ijT^JL > x _ . » i 1 

} * Aj^ j*i*w 0^1.5* UUUUUUUU. • • • L tXjtXy^l^L •\i*~ ' t 

^jeljbCl/ IjLu St C ^ L dw 4 ^ Lj Jhj^jj’^4 j ^u^yh t ^jJ ' 

* *\& j L c ^> jl^>- L 4 w < j j ^l> ^ L 3 

• *ij^ »i ^3^3 f C^^J ^ £3* < <i"dn» I <\ 1 Juw l j J j^>wj ^ n \ nr d'^> Li 

c Caw I JSiW I Afld jl ^UiiJ dS f ^jAa jl 



Lj 1 ^3 3 J ^ ' ■ * ^ ji i^j ^ ^ ^ -^S J n ^ Ifl im ft> 

jl ^^Ia&o aS^ ^g-LS^; ^ 3 ^^* lj * ^J*~*{S* 

. ojtS' Li1 ^ I ff> 1 ^j**..h»f ^ |4 u f - <i— i L* <xj> Li 1 A^ j.> JS^j ^J ^ 

{ I ji 1 ^y./ s.1 T" Q ^ it*W i ^ {S 3 ^ Uo ^ < ^L >- 1 p f 'J^g—L (_£ Lfe ^L a W ^ to ^ 

S^, iJL-> ^ L f A*^-*U ^ ^ l^^-fli « >3^J-A^^yO (Jiw (^*L1 j(L ^^5 Li I < L ^ fc) t^ j i L ) j Ji kv I 
uCV ^ ' Jt I i ^ ^ O LLwJ)^ ^ ^L-f 

^g-ft> 1 /i l l' f jO'XAjLo f ^g-l-f ^ J dW I * l3^vW^O-^ 


J3-J 1 f 


i ^ Liirf ISjj^ i f '* mu jiQ_i ^ ^ ^ ^ ^ * ojt_* lJL* * L j (S' 


^5 Ltej dS I a> tj ^goj j^-j t ^1 * o 1 *i |& L>^ !■ ON A L Ij j t? t>_& 

* 0>lihi^*O 1 ^ tfc ti ^_ 9 *^ m £ mmf J & > 

< ^ ^ \ t v o#<i Lp p L Li*m^ ^3(3O ^ (333 
i ” j L» t o^f j <■ i J*ATP L jj^i* 3 T" <w^ « ■A^ij.wA.c^ 

t | n" -tw 1 ij Lo jlw ^ j ^ ^jw ^Lij | L 

^5 ^ 3 ^ jL JluX 1 > L^ ON A ^ IaaIij _j ^3 3 ^ ^ ^ 3 ^ <ij 

^5 L>^J > *J ij I ^ 1 >A^ ■ | ^feu^ijJO f Jjj I L Xj yl^l Jl^ jj fci IkXj Ij 

Lb lAj^jXlSjJ ^ dL-j L^>- dS 1^ Juii^o JL^bwJ ^gO I S jJb l^J ONA 

aS* kXt^o ^ ^ t^jw DNA 4 ^ I ^ 03j^ * 1 1 < r J * I ^ (Jj-Lm j ^ 

^J^.1j>v0 j J IkJ^JLr f IaC/IjIwi^^j^ jJ jlj jDNA jl ^ ^du JAt> 

^ i Owl ^ 

j j ^pj^LjiT ^ 3^ Jl^L^ ( t^jb tl^ 

OJ-^-j tSj^rf*^ 4 -? ’V^'3*^!?^ 0^3-)^^ A U. t » KNA. 

kAj* ^.0 ^ji Ll> (1 'f mu fN j/j 4j l^ndU Lb jfr P. A A “ lo # i V up ^O U^blj Jj< jA fjji 

^lib^>v'j j A ^ ^^i^ #^tbvO' ^ i. 1^ ^ bfc|j I XS33 ^ ^ Aj 


Aiij jJJ <S-t$* 4 ji^ iSj^A 2 (jfi( j(S Q^f <£{j* # 

t O JUm 3 ^ 7 *^ 



DNAJ 


du J 


p 




* J 5 Li i_>" ^ aJ^J ^ a t ^Sj 1 &b«w 34^ gS * \ r * m 

^Jj-j 1 (■ RN A 4„j i- '•■■.m ( OJS A ^j, 1 iS* ^ 3 I * »> b^gO ^JJ A^iyo 4 _y ^ 

aaL aSRNAa—; I RNA L j—^ I . c^l \j& ^3 1—jh^jj ^jaci^bo < 

L&^J ^fIw jA (5 J U Jr r4i > —; 


|A J^JAV AwU ^NA i p ^ ^ ”* *<<—* 1 ^ * ^ 0 Aj |^j/ I 

f_C Lib|j*/a^^ J I b i ^ dS Ol^.i.i 1 1 ^jj ^ Lwij |j I r AjI^A T j Arf^ 

O * O ^ ^ t-SL^ * < DI\)A aj 3 a,i Am a RNA J.U. ^ 

[^**3^ 3 K-P - T | f 1 . «■» 1 03^3^ I < Am^ Lw ^J-jjfr 4^ Ahh* 


ky f I l~4m i ^jj^—* 3 —» I ^ p^i 1 

^3^° t/^5^5 fl^^iO t^lAy t | ^J^Lw dj | i^^bV^O 

J j 1 >■> |jj^ii I * j .‘ ^ ^ O 3^3^ ^3*i 

# ^_j^n* tfenVii^ ll} A; A>> La ^ 

^jjA3A j A'RNAJ^jIL jJb jt CA 3 LiLlo Jj^-laRNA u$_y JLp A>- J ^ ' 

^a> 15 t-feJ ^U ~ * ^uipl ^>-L^ u^Jj^i RNA^ j 

* Aw U AjlS 1 ^ jS l w [^ j 1 A^. A>ywJ b < "diiP r f 

j^Ajj aa L RNA^jl»i^ 4 xuA 4 j L^j ^^Aj^ * l>^j j 

^g- L J A 33 O lib f 4 A br {£ 3 * l "nn _P * JpJkpQ T C -CAJ- fl ^pQ d_j b^-t 

du> Lhw I *, * \w 1 ^gJ^JLw O Lh> ^ IqA 3 ^fdApjKju * <A**« 1 

» < “ < m 1 ^A!A ^ J^4>awA 4 i Vm 

j ^ IjRNA ^»DNA 05 j^ oL> 4o-ft> IL 

d —' 3 ^>- * A^Ia Ij ^jaAj^ RNA^I—k(ui^ 3 ^ ^^a) A—ii-fjlj ( 5^1 A ^ j& 

*1 Aj^A^a Ji3A> ^ 4A3~ Lv Ijb^Jpuw j J 1 A^_/4jj>" mi '* Ju RNA'^j^^ ^Ia&J^SI-Lq 

DNA 3 ^ ^ 1. s c*M* f L l^j ^ I 3 RNAts^Jj^® ^ a^ i^o 1 ^w L 

(jp^i ^ A l. ra 10 jJjb-Jb# L l&C4*bL*AjMat ^ i 1* J) 1 ^ 5 ^Lw#*j * Ci> iw J Ad I3JL&^ 

* AA 4 #i^& ^ o Jl« jA l^AA jT j! i^y** 3 j 3 ^jJj AAAjS^g* lj 

^ aaao 1^ f cb Ju^3^ 3A li DNA ^ b $S aa ij j 




DNA f J*Sl* RNA ^J^SLU <JC ^ 5 j-^JS aI 

^jjw I J-ju*£j 1 Juj^iJ5j-i jl ^ JuL ^ 4 > Lv DNA ^ KjA 

0 I^^(TTTTTT,* . Polydeoxythymidylic acid-^l^^ 

1 ^ jp-w I 4*5 3 $2* ^gO ^ 'rj*w L«‘ RNA \Jj^ lo < ,,^■ ^ f d A t ^ T | *■' I p * A jUia 

i ^ L^Lwi^Lj^ ^ ^ [^jini ,* ^ fr C^4W I ^ 

3 ^ jjo' ( AAAAAAAA»* * * *) 

u?C-i Ln-* aA ou I j ^5 l* LhL* 4 m *i 1 ^NA 

^*Jo^ ^ 'Ajiu ^ jl ^ RNA f j& AjftlL? 

^5 lifewLj-*« I uJ l>y} Aw-i ft ft* I >Xuw 1 t ^UsS Q l^ly dS" *'* jJS>dLf 

uJU>^ (iJjAjj^l I oS jJ {^jSbi dLpL ^A.» 

■ >x^J^w r >* fci T ^.ur^Tf^ ij ^ Ia A;Ww t 

1aA- xj j & * ^jO KjA ^il> 

tj^l^l^ Jti IaJL^ Jl l^i> d iSjpft d 4 AwiUbUhA CIpLUt J ^ d ^ji p 

■^ | ‘? i i - l ^gywS^ *3 ^ ^ 111 1^3 ■ \ .'iiA*^ L*r ^ AiLU ^ " r L A ” ^ 

4 Jj^>wCa4v 3 J ^ C*9j^ ' XJ b lj t Auw ^ p A . jL 

• ^j^iS* **** r u '^^t 

^ DNA jj bbj Ao {S3j J*i P^A iJjj j ^ I j* lo^/ 

— Iw^btMM (J Aa ^j5 Lib I 0 > J ^ pA Cm 1 *^*. * 

Ajj jo j *j Lj-j *_!* U r DNA; do*i t I ^ 5 ^ 




'L& ^ I dS Aw L^go c~« U^a^ tfpjw |j i f ^ :Sjm lj jaj RNA 

- * ^ ^ Jw 1 ^ ^NA d Im i^^ 

i a V * " <iiif J j Lu RNA l^> f lj j 

1 j ^ ^ I A/ I Ajl*+ ^ ju L-^ * ^ t ji-i^/ J 4 ^ 3 j LAw ^ i ^ l ib 









-RNA- 


jp- o l?"* - * *■*RNA-aS^J;J i ^*&- 

ijIlaj u Sif/j^—. ” lj Jii* jl ,; l*« jJ ft 1 * 4 A^j 


&Lij1j 1 " j l £A ' ^ y i ^ dl^ib ■ aA^. ' L jj 1 Jl^ jl 

A^i ijjl^-^pI ^jT^j j J j^l «xp-jl (j^wf-f < j*x*t $DNA &*-! 


I £ |ft * *i ^ 

j Li^ \**f ^5 ^ DNACl Ja JLs ^ jii-id-rf 

• L li 


i J ^ ^J ^ ^ L kwiiw 1 wLw^j l>j 1 ^ ^ f J ^ L 

1 ^| * t " J "*„" * d jJsCiJiO j-*-C IjDNA jljJifl ^lo-& < <XJ L d-**u l A^iU 

DNfA^^J Cw I 3 ^ ^jjb ^ 

I I ^ 

* 1 ^LffcJ^JLv £ js3w jl Lp <-$ JS& ^UbL^AM/l t 

L?*^ t^'J^ f " S4 " ; * ■ i -'jl' i lj t*^jj^J^jSo tl fc>. jl jl jji; 


)PH 



jl l*(j I ^ <—J'SBt tl***^<-5^J 

* Jjt J ^gJ ^ O » o JjJL <S±z~aRNA jl JkJta 

1^ j*i jL>Lu ^IaJ^-Lw jii RNA cJi-Lt ^ J 1 >^a^ 

^jjjy 0 iA'i ^ jLjj J Ail ji Ljsll ^jbbjJwLjT * ' \ * S ^gC 

Jj i imf |^jI^L>j J 1 RNA i "n[*> jfi dS Ju^A J^iA l i l i w i Aji^ftt ^\ ij’r'i.mr I 

* Cwf I jli^JL; | i Cuvl jj^IL 

RNAj Kj jl j j {^l^Jj-lw L AMulik L t 1 >j^ t 5 ^Jj-^ •" 

dS j ^ ^jA JSuw A^ *^“*jJ ij^lw (Jl>yAdrf * '\ nl L^jO 

^0 K -1, 0^ * i \ iS j-/ *3 1 j (_5ji>i* i L Cu« I *A i>wfr if A i lo 1 

J l>j J 'iTrfeJ T * j AjS^go iij C*5 L . j 1 aS 

* Cutf I jrf^lL ilj 

A J^li^ ^aS Im 

- L^jo RNA -j^ ^ — J L u* t juJ ^ ^ L ^IaJ^pIw «_ 

^IjRA/A o^ {$* ^^ 033^ 

dS^j i f i^ui ^A A I ^J^_Li/ f i | 'ij I ^ ^^A 'A^ J 

* i*A/ j^Q ^yjLuJ w ld^ ^ J* <Ailil A j L JI RNA^l^jjltiiO 

ii Lw ^ ^ • ■ • aS JL*; j^o ^£UdU ^ - \_ * ^ 1^ J 

Cm I O 7 ^ ^ ^ Aw J^a.iiw^a j^-iw jd ^gfr^iQufr b Jul b 

Ip fr) jJ ii Lfc, * m j t* it^> ^ *A J ^ imp |^jjj I aS t5^K 0*^5jz * * 

Lo- ^ RNA j< (_ 5 ^* - X ww ^ o^rf 1 **■* 3 ^ 

i 1 ‘* J »‘ 1 L^LaS^^ ■**_■ ■■■ I 

. cu~\ 6,\ ';.; jl>»^ j^*(pro-RNA)-.RNAi-J I * jj i5-» jjb i 

cuw I ^ ^jLw^go 0"3 j diici* i Lu I tJy^Lo j Ad>^ 

£^A/A dS f Ow 1 ^~f ^ Li Id-/ nXjJ^ - RNA fl i nS I J Caw 1 ^ A-J^l J j* AjX * j> d*S 

R^fA aS" ^gw Li L Ij I jl A i d 1 ■ ' ” < Mi> ^ Ijj ^gjtio 

aS ^g3 j i-l C w ^ iuv ^ ^^AJXA A J ^ ^ j 


)V 



^U^>L ( d . • .. lfc J >) Lr _ ? - t J. < r y J* 4 

^ t5 —djl 5 jl djJ^nyoo-klee’ oh-lus=nucleolus- 

dn* * wUju ^Id ^ L* ^ in j^O ^ lA>j5 

fjb ]3N AtS ^ 1^31id RNA ^ c«v I <2 l/^Jj*Lp 

* ^ Jfci ^JIUMV j ^ J _* ^ l wl- 1 

juL t j^o | ayw !^^^ w t jj-j jjmuv jS^ l>^^ ^ 

^WA ^ j i lo I ^j| Vc^; < ^ * d*i*N t ^ > tjd^ ^ d^i oA L RNA ^ i 

J^*£L> W^O ^ ^ $ W ( '■—'“ ^ p-W ^J^^LmpV J*d 

duMhA jJ Ju L aS Ow ^ ^j jt o^lblw jjji i * 

1^ i ^ I^J^Lli/^J^JuO ' L JJiV + blw Ij diij^ <J ^iif^L^bMV J j ^ £^Ud, 

^^JJw/AiJ | J d|dwM>-ft* ^ Jurld ^jl Ij ^_jLfbdtdLa (Ja^ Jki 

dS Lojfc J Lit ^ ^ d^-j 6 J *u A J^ .u^S* r p-w * ^ djj—p d d j 

« dMUhA) RNA ^ «s»j Id Amt (jj j I-ii? jO L- {S^jj *j*?3 0^3**“* 

3 - 1 j^i^° (°3j3 JS 3j^ ^NAjl lj l Sm Jj y>j RNA ( i^*^ 

^ . Upj^ . e-J 0*4=^ ^ 0 T dS ^gr! j *d < dJh d (J liL^J I 

^ 1M J*L5^ i*d-> d^ O* ^ f —^.. —— iJ X .* d^^jp* * p^^uu 

f < -) j LILau/ I Cwj J Jjj^djS) ^ * CIau 1 ^5 p—' ^ 0^3 *d 15* 

d^^J-0 03 * 3^ * *XJk> d t i _^ {S33 d- lj> jA J <3 i d^ d^jS^ j^L£ d—i L, 

1 j ^ d-r^_« d^ jCkj^ ^ dS* dj& d ^_J t j5~*u—' I RNA t - ONA ■■ 

ijSL, RNA x_ 5L DNA 1 j q 1 td-^ I—^ ^?lw I Li 1 , - Lj ^ J ^^5^ ^J >J^ | M 1 ^j ^Jfr^3 

tSj ** 1 " 1 U dl 5 ^A 

I tai J^f Iau 1 t ^ \ iir J J 1 ,^I ^1 ^ ijfe 1 s \ jutf ^ IS^ J p M ^m iM 1 ! ^ ^ l <1,, * m ^ < ■ 1 ^ 


* J^O 


/m 2* vf [ 1 ^ dw infill 

* »i.'.' f iVf ^ d ^ t_jLAp>- ^ j *3 >Jlw t ^1 (j£ d-djui p 1 m > t i if (_S-^ ^ 

d^ dj j^-o -^jUjb p i>. w g iMf l 51 a 


5_, 


O^ (^3^ j 1 


1Y) 



.1 It m k J 1 - ^1 q lJ f^MM ^ d I ^ Lo ^ooj I 11,^0 4 J *- f 


dJU>U AA, jAio 


A_>* jJ L^^J&do » A^o d A w ^jAJ>vu^6 ^ Q ^joo^j L 


^ a a L^ Ls> ^^ t.c do ^ ^jjj a^ jJ L dS* £ a^aa ^ 1 < *<> IsLi^ a 

I<l w^ SJ> ^ A fl ^ (__£ 1 A i—f. Q f h \ —■ ■—L, So^JBo |(lj JUj^f _ d_jo«6 (33^ v" ^^Lg 

• J^ djjA^jy L dLojjjp^* ^ A > lo ^5 l> A jo j 1 ^ Aoi Coixsb^jj 

L fu ■ * * do dS* {^jjjo-oT j*£b * ^g4 ^ li e) I ^jy-4—> doj^oo jA$ lj fl JLiO ^^jo I 

tj AjIaoLAhI ^jo I 1 * * A * m ? J oo ^»0 1-^ 'jA^ p'* i n i .i . rt ^ I . Ip n jQq {5j 

do * A Ut^jgQ O^M^4 ^jJU " A ' ^ >* ‘ ^As* ^ W J 

: j S * flj I Jw I ^ Ijb^JLiA L Ca9^^ j iS"do' 1^ d j T*- ^ i 1. 6 Q j i ^yyuuj ^ j 1Q tf dU^ 

* Ao_)jo ^ m5o^ jJ y « S .f j jljv> € f < i,> ^L&o aa ^&S lj a^>*- 


, aa£ djoAjI aJLoI 


{j^ldoAL> jf-ft> d ^^j>i < A jw ^gO (Cj I dd^i ^jjo^^do ^ ^ ^j^L&do j-" * C_ j'' -" tf Jl^ 

^oJAjO U 0 J <V> Lo j ^ JOO JO f JO Ao L J {^JO^d j I Ao I ■ dJo-0 JOO JO dS" 

L tj IJr^V A 1'lwo I ^ ^yO d^Soju&Jfa f A# 1^0 * ^ L&dJLvO ^JjoA>-|^jof AoJjo d Aji 

^ d-^,fo_r ^ MJU ^JOj j_* ^ I do A d t^j«ft> ^ A_U^ ^ 1 ^ L do^Oo ^J**-W do d &> 

^ ^ I l o ll^j-4-^ dA^oJ ( j^ood^ dJL>-(^« L A r / » i H . ' J^^grf l J Ux>- t5"*^" * 

3K 4 *dJ aS 

loo * Cl^o t |J^o I A oo Ll^ In *do ^aoJS^ * w ^ CjoJ15^4 


jd ^ JO 1^0 L - l * *- ^ J 


r 4 


- 1 .^- ^ ^jSo o ^ ^Lo A jl to ^0 c J a 9 Lv 4 ^J^*tdo |^v^jJ5^o AjloJ^ 

^Jw ^ ' Wi t ^ ^ jj&dtoyio ^0 ^ * 0 RNA ^ji -L} 4 Ajo lo Ado 


f JA A (5jJ jUJ^ o-* dA^oA q«o ^5 (x C? ^ ^ CAw ^ q£+q If / jK 

JT 0 / ft «» ». ■■■■ ft? j 4 .A* M^* JL jj 

02 *?*^ j j 6 /*^ 0 ^ iS^jti £s* A-^j <> ^4 J ^ cJ^ ^ 4 

(Jif &Jiji (j4j jA^AO /JL« ( 4 (5!m ^ • Cw fd JbH f*^ ^ ^ JLA Jj (jS 

> ^ C%« ( d<Lo> ^ (’■m ^ JU>4 ry ^-«j ■» jjj.C 


i vr 



^bb a Jbo j J *ll*Ao j Jwjl *1 f* ItSj-* Cmo ^' jl 

* Lw Ct - 9 L.n-t r> 3 j *1 CJ^ ^ ^ i-O^ I 

* ; ; b-*J f " J _; ^ 13 Cj^ ^ l*£ j-* 9 {_b ^ ^3 t^ ^ ^ J 1 ^3 **^ Cjh * ^ * “ > ( ^_J L^ 

*■"-^jLij - *_^ ji±t l ^^-*w t^3 1 kpJ - ® bi-R^^ b*3 ^ 1 -■? ^ * ^bb* DNA aS 

jr^ 0* ,Ul,ti ; ; ^ ^^15* ^ ^ C^ ^°r ! j^ 3*^*^ O^ 

O^? - J 3 L-3^^ * O^ * ' 4 -^ J 3^ ^ l^Sjj 

1 £S ^S^ty ,M_J ,,'^‘ JtJl± J b b ^ I ^ llj^- ^ ^ CmV ^ Al* ^J^ 1 jlj^P 

b ; - j*» b |'^-J-^ *1 ^ * ■ DNA J ^ ■ hi I * \ *‘ n ? t b*0 3 ^- L> ^ Ju& C^ 7 ^ ^ b ^ J jj ' \ F ' "^ 

O'^ liu j]rx j ‘“j,,*^ ■ i ^ ^j.m* L 1 i^ji t- 1 w >-w 

*iyiDNA J^SJ-o i_Sj aS ( y# tSLlA < ^l^Jl-l; t ^jl JJ ^ 3 rt^ 3^0^^ O 7 ^ LS*"^ 0 


b **■. > - 


<3* o*-*' 


lj *13^ b&^ 


* J^S' ^yO 1^ 


a./ 1^ ^jLi*i^,^ Ub^Jr*^ RNA DNA^?^ - ^ 0 ^jbto ^ ^j*15!jj& 

Arf 3 ^ j i*l ^ ^^ufb ^ Ja i> d-j U- |^j-^ ^ ^ *1 ■ ij Lhtwti ^ JL Ub l^i- ij ^ 

* hi J 1 1 ^-^ j J 

Aj ^J-**** ^j 3 ^ ^(Jjr^ -I3J5- j ^ 1 ^ J t — * m h ^ f^^AA 4 i^aw 

^ JhSG jJbA^ ^-S1 a£wpIS^-J l-w I fl| W> * i^^S^gO 0*0 Aj>-‘ RNA l Jl-#' ^ yf l i *~ T JK 0^3^^ 
^giL ^^333°33^ 3 ^ JL^-AaAj *1 DNA. ^3^*-° jl 

J^l aS ^g-/L> t lSjII ij ljb^3j3*3jS' lij^ AJ'RNA ( 

1 *1^ hl ^{ t ^ a ^3 { {J **3 ^ J dili. m ^-A> J5 Ji I aS* t .j i \ ~~+t*f ^ A l S -w ^J ^ ^ ^ 

0 \^ ^ DNA 5 ^5^ ij 4^-JbRNAb AjL&-l AJ^jJb 

J, L? 4 i ^ i ■> Lrf 


i ti Ijbjj ^ i-i l hi 1 urt ? /C^ 


3 ^ - jA f ^^ 3j Job < *1^^^1 A^-* b>" 

uSbbtS^j iu^ 1 *i ^>j 15 j 1*1 &S Am b ^jbjb ^i.w^ bj 0^3^- (jp^^*** 3 3 r ^ ft ^ 

, | Ju 5 ^a (J>l Ju jL>^lj u 5 ^e C*ftlUo 3 cJl>l 

^ I hi Jy-*-oll L> ^ J |L ^ >r 'jl-g' Aj < Ojr O 7 ^ ^ J ^ 

‘ ^ts* DNAj*i RNAj^ J-*5f* J ‘■O* 



-The site of synthesis- 




< ajS, 




m O ' J ^ ^ *A-i L 


' l?j^ 


fl> 3 Ls i-t-w 3 jj ^ n j, 0 m X-> |Xw '*:■ > w * J) I A IS—/ j^j, I ^<X^*vC*J A.^ L-w 

L Ub Ij 1 jJfe O ^ J ^*" Ci*W I (^51 A ^ i. ' i-wy^uw l i 




tr - ; 


L 


■ s"-'"' ^ ^S - i^ j ijb jjSj IS ^ Lfei i Sw < j 1 ^ 

^ Ljbdj ^ Lfcnj L. Sv ^S Am' ■ > ■ r ' ^ 




mytoh=mitoch ondri _ —;. i _5 3 _^o ^1—;a-~ particulate - 

j*_»n < jjwj^Ou i ^ f^ 5 ^ |*U^j ij jI Kon^d-ree- 

V b (J^Js J V, ^j5La C^fi) ^jjjL/b b | j! ^fiai Lf fl.LaO JS»w 4 j bsb^j «Jlj t? 


Y q o o Oh/■ «^-mv L| *i"••• ^ f 


| oooo 


O 3J&!* -?*) 03J&** 


JjJL j^Hiw ^1-f <y” ji*** ^33 ^ AA^A-s**^ j A t ^ , i i ft> l^ t ^ 4$* ‘^mhwJc* A—j^S j * i »*o 






Ljb^J^JLw ^gLtocc*^<jb Aj>. .su. J^ljt ^ 1 O «>A J J 

o*-J^S" — jrfj 03r*^2^ £^ 3 ^ lj^j^ ^ ‘^ 4>p u A/H t Uf 3 3 ^ 

^^5 ^ ' * _ ! c j^j iS" LjL>- |QJp^ • ^ I Aw 1 t m ^r^ ^"^l .^33 f* 1 *** ^L , jy3 T >.w ^j33 A jA 

4 ft &) * A /m> fh j )-w A ISjJjfJW Lfb ^ aS" Aw < * ^AvS' f Aw ^j5tOJS 

*X*J^L/ * V i-*. . * ^ ^ 1 a t-* Cw ^ AjJ&^w jS* ^ A jS' A^>* L dS" L*w ^ , 

1 a ^>w^w J toA ^£3 * Aw L d*o ^ A f Lj ^C ji Aw^^jjAw-o ^J 33 ’A 3 f C ^ w I 

. A-iL^o u_9iAA iS^j* f^J-*^3^ 3 *£j3j** 

|S> Uw I ^yijj^ S . I 1 L 3 jA" ^ Q dj& A ^jL J A 

4^ -XA^S* I J^ I cl AA,# ^ A ll/ tll*wj A ^ J l > <A> Af^y^S'^A-AO dS" Am . 

* *XAllwJk ( _ 5 U& ( ^UaL^-L*i < jj$j*Aj>> jib jl Ub^I 

^^JJa^sId^ (o^J^^jL) ^Ubd^J ^ O^w q IA - ■ ^g^wtjdwJ 

»- AAij^ jl^5 JwrjS^^ -f*Q ^UiJ I 





f 3 S * j—^j f J ' * * * 

jl ( ^iLioL) | “Kicrosonic-* 

J I I ^ *i>J i >4 1 JkSjJb dS A-uxJ* ^JhJloX/ 

^ o o o & j) ¥ * " 

jjU diij^ |*5U^I Jjli b * kU^ 

LfbcuJ^^jL ^jAwlii> j d5 Ia^j bj^ bb^T 

• Ju Ab'bW^UI 

^KxiS j C4wl>.^«^ cdiU^c O^ ^ Jl>jJb4j 

* ^g-j I J4> J lii LjuSj^ 1 * ^ j ; Lib jJ^4 ^ 

|»Ld^ (5$^ <js^*** ^j** 1 ^ItoA^U 3 (JjU- {jbiSjASjfijjfiLM, 

15 ° 


£3”' 3 

JLmv 1 « J^JJb — ‘* ^ 1 ■ ^iiui f lj 

-RNA- b o ^ £b bp^JJ' t CUf^wl |^5 J Li W W l * ■ 

4 OilfI 

(iSj^ Jj*** pi* 

L . C w t * ! AjI a ZJrtj+f. jLhmw < C ^ ^. ' p RNA *j ^jT dJ 

ij^llij^ J ■~i !| l < J •* oT ^o^?' • *^" 4 ( 3 * 45—^e-RNA- jl 

jl i » ^>^._ l< » &_5T |> jjj»s -RNA ^ <x*m£ |»^-pJU« 

4 £yt fj r - ,; ■ •> ■ A—^ * * ^ -*» ^(,5* ( Jy 1 ■ *- fc ' V..J W I j — k .f 

“ J ■ 1 ■( ^ ^ I ii ' k^ i ■—^ I fr i,*^T ds—n^S* < J? » 1 ^ J[ g-^O* 1 

J—-«»1 jjJaJjl j ..- >> » I B ^j-^rfl a __5 ( *i— 

— j_5— ’J ; 3 ' -’»««■ / L l—A |» j) .«» ■. *)j}—f j -—j ijf i„<* 1^$-“' 

jl . li — i ' i >f tt; 5—° <J *"" ■ <» ^J —^ { j~!tj jl — ■ ■ ***» J iS^—® 4 J^) '“*-Tf"^""^ 

j i ■ i * «»■ ^ i />j id ■ ^ i A i I .i * r I ' 1 * I .; 1 * «1^ ^> ^_J5 RNA (j j “ i. ^O ^ 






Ij libXuill t jjLi ji"Xlji Jj Ij a - fl T JLjm# I 

^ 0*^*3 j# ^ ^ ajLj}*a ^jU- i5' i ^“^g-b 

f | 1 1 5^ |”| I f t 1 ^ 1 H P j J ^ ^ JlXQ 0 T jl 4 S 

* nX & ^ ^ 

(JV Iftrf J I>J J ^yfc J l ^ wy 0 * 1 X 4 (5^ b^JU ^ *i-*A *i [^jKol KjA 

O 1^ jJ>Oww w >J ^ ij ^L ^jtoJUW j Jw low I ^ J Ij ^T^U*o! t 

j* Iftj !*U jpK > m> Jj,f I K ijfc * dw L 4 1^ J Ij t—I j Caw l ^ 

* Xw ^0 cjL i^*y**i yi** j'i l^» * * jjcSI jj j I j i j t Xawj^q 

* J^1*M jLw^AJWJjJ L>jtS Ijl ^W ^ Uh |bj4*r^j^wy4 ( I 

Jti * *Xw^0 J^jA^e Lft Jj5l*0 t5^J 'i ^g^jj rS I I C^Uw^jSu4 * <k5lwl 

*x^l L * ^j£! * j^biw * cj iii jjA.^ ^g^f <i ^£jv Jb* 

^*Xw 1 a ^ I * »j w *» ^ | *iL j oxw Ij J Jl£* o^L ^jjj 

f 1 Jl* 1 b t ^JbljAJb ^O^AvJtjSkrfA d£/ L/ ^gjlfc^ l i i^ t 

j ^Ubdjj t>^i ji 

^ 1 OOOOOOO 

Ia^jI 4 S jj5 ulmS ^ nijS^ Ij I jjiud ^jLftQj j! jL*w 4j «X/lw 

• oj ^4jMjj5L^ 4$c j j ^‘RNAp^ ^jb 

& j** baJjJ-* is^J* j^RNA1 o t£^bj *x^-b < ^3l^j^ 

£jO—£) Q *^* C T « 1 j «*<■ > L J \/ jl ti^w^yO O^L J C^LAO ^iibCijJ^S' 

| O ^4A*i j^ljl ^Lj J. J Ju Xj I jjv ^b^j Ij Llb^j^ *■ Jb b Jww 4X>tw 

WM> J &S *1awj ^Ar»*A_, bte^jT *iJ^*J J (^tS^-lS’ f 1 O p A«JbJ L-^^3^ 3 

« *Xi j b jlji ^ I il l b■ * Ij Ifejj^jiA ^ 


^J^ RJVa 


jj dS jSi ^Uiil b 


f 1 *«-> 





. AjtjcjL ! 3 

w ■' J 

ii » " i ^ Ia ^ 3 j? ^ ■ 


o >XhJ^ Lfb^j 1 1 a , 


f5J-3^J 

^yw*i * 1 j J ^ *' ^ - w lj 


■ JUbJu 


^^3^ J . ; A L ,*<f jfr *X^> |^J^i 'w Cl/j Ij^ ^O ^-> y*> ' ^ *1 ^-? ^ O" ^ 


',j ^ ^ 5 ' ^. w ^_r-i-^ I 


±4Cp oS ^a1 


J.-J 


r 15" 


3>^J J* 


yr$ >*■' c*' 


Oj ^-^3- 

^^^3 > !&** * ^i—iS" J ^ Oflj liC^O fi^* Jm* ^ <^Sw 

j\ ^jI^mi dS h V m *^*/L o^^ i. _ * * d ^ i l^ t c<^ij ^ 

* j >-' 5 jr^ ^ p*>"^ t^jrr 

^ j.* Q 1/ ^ iftk ^ lij ' ^ ' l “ < ">^ (J^pLv flS < 1hN.PI 1 ^ i 

^ L ^ J—' i jL". 1 / ^ ^ CJ^ ^ f ^ j^* ''* " . f ^ yft 1 \ l > ^ 

jiSdL/ \j La ^a j JjI ^ 4 _j/Ov^*4v J L^wt-j ^Jj- L f ^j^oJfco £$* ^3^ j j; l 1 ^ 

V 

^ ^ ^ (5*^^ ^ ^ k£ ^03^3 3^ ^ <A->Jc^j jh^° 1* fci-A 

^0 J jl»i j^o to ^3*^ ^ t ^A*L? t i 

^ ^ ^ J| in! 1^-*^ 1^ ^ gQ. / Jj 1 4 1^ » Jb Cl^^JSLtiyO . ^ Ia*w Llo 

jL*w ^ *^S ^ OUv^jO ^5 jj 

t gS j ^ L >n * b> -** <X/X^^4 j 1^ ^5 j Lj 

^-r j-j T ub j^o Id l-i& ja^33^ J (S ^ 

^ 33 3 *^ 3 X*> l^.j ■* Ju>_iS' dj^ ^ ^ i3^) !*■ t 1 ^ ^ “* 

i 3 ^ ^ l** 4 j>- <i-f ^ O” ^ ^ ^ ^t'3^ ^ 3 ^ j} 3 * v^J'**^ j 

Is J* jS-iA ^ 2 j 3 ~<£j ^ ^jS ijpjP >Xs L 4 ^*^3^ ^ O^ 1 

t—5 ^ 3 -t y* ^j-^ ^yf r ^ ^ Jm h jw ^_J--* 5 l iiw i_4. >^ *]fi> JCmCj dc 

* J3^ l jl ^l^S* ^_>A 

Jj 1 **t # ijj ^.; 3 J5u**o < L i5 ^ L ^ j 1 ^ 


) YY 



O Ljb L ^r' fl *^Jm^> ^ti-^-*ja J j 'I ii r A^ [} Oav ^ hi ^ 

hi j L>- hi 4 ' ^ t .'iV.! fr to * '■'X&hi^^C 4o 1 hi I 

t^jli-l 5 J 3 -I** o*"" 33 ^ J^^ 4 " i5^r ^r' 

V o*® ^ 3^3 ^ * c«/l < ^*- j jj -3 0 *^ 3 .-# *xJj^ 

* hijjtji <XiLr |& j J|^4-J Jy J L 1 n J *i ! L^«u ^ l-SLy * i-i-w jyJ?L^ 

C5^ ^ ^U- fSjfrtj o^*>* j* * O*' *■*.&■ 

^■RNAjUJ^UJc^b ^3^"3 Jk’-' 3J3^rfj ^ a NA j ^3^™ r aL 

0hJO l J3 lo-l/ 4? Clw L ^/A^a ^WLjSj-J I f ^ hX-P hi 1 *i^j4 

* ^ 

J_> » pwtJt^-; J^T lohXo J L m J-P I^j hi 4 -iJ^S <X-> ^g ^ Xi j I - D ^ ^ LftjJ J^_L 

ijjfh^w I^S ^ix^l tS^3 ^g '*^ * l ^jp^w *i ^ iS* iX_pjlhi ^PfcA ^LhjjS-Lo 

(Jjljlj - hi— 3^5° 1 -/ IT 03?" ^g—'^jlL; jl^Jiod., C\i . wp' p 4 

iS * i "n i| fl> ^jj-C ^ ;jJ 3 >X.« ‘i ti> ft jjJLs |^u>^ I ^Ja-pjl dS"£);W\l^^(J 


* ' i "Jti J ® T" *-f ^ Ottf* ts^* V Jl ** 4 * 


I . < *.i*f 


£_/ Lr I < hi^ftAS J^PP I * jlQ^^J^'.OjV/^ 4 l^F iiP j33~^3' A. ^ 

^ *4 ^ Luu *>jQ r C i 4-^ L < ^ -*- ; -w^ j tj L& Lij O^ ^ tS ^ ^ J J ^ ** ^ 

jy R.N iV * J Xjp i Xw L kii-<AA/Jy ^ ^ — jj^WW ^ ^ ^ 1 11 •* J 

. JOlS"^«*^JU go ^jy 4J Jy?jl ^,-i 1? lq 4^ ( , i j .m*i ^ 

w 

( hi—pla^Xw I ^ li ft loib (^'iLjJ ^ h i_h. / Q ^t —1 $' J L^> * ‘ J 

» iw 1 _£L‘UUnS' a Xw^yW J J-J J Lij^ Iav (jCj L& 4^.4) J*i ijyp* I Jj ti-j 1 

f 4»-C^ ^ t ^ hi^pC < “ 4 ^ Jy hj Lo ~ ^J^ J l M > 1JJ ^ hi J|^ 4 -^hCUHpJ J hXo L 1 


CK 0 


J^ 4 - 


’ I j^^jdttj Ijblt 


* hi (Lj Oav 


p» J^W * 


j^hi Arfw^SJS^^ <L^ii-' 


Jyia-J d-^ * L ^ O ^ ^ ^ ^ O V_J ^ »i ^ hiJuX^j ^ Lu hi L& ^ ^ >i 

• i^.ij a L‘ d ,m I (^Uhij ^ Lor hi (J 1*1/ ^ L d**A ^Jhi 

^g L L i ■■-j (_5*3 j3^t^ j hi»«*AApft> ^ i ^ ^ ^^3° <3^ ^^^^333*^3 

I j < S -* : ^j j# j RNA - o' ^ O^^ ^ 



i *^ ^ Lw O l^ 3J l*jj Aj I ^giftJ 

j ^g,ljL9 ^p& <X-» aS* <w-c>- t**i r_5*^jJ^L ^ I *■■■ « » m > ^ *xJ5"A Li J±-+~t to itSjTt***? {^J ^ 

f ^j-iL ci***j j ^ ^jSLiXs dS* 

A L„,j<L. dS * ^L d^l-> ^^.jRNA^ l?jS?'* £3-* A^-t L?^ 

(JaJ^ ^Oj dS ^jSl^r f (Jii jjj^j ^1 L^PjlS -- $£j^ *ij-^4jvU*J 

* J*~* f3j frHj*-! Oj j* O') f W ^ d 'j^ £ <j£, tf 

IJ {£* jj I ^ L^RNA Li i-f r RNA ^ ^^ 

*& ci«l ^-Jti ^^ . f J. , . ^ a^t^> templ ate^RNA 

- ^3j^g° jtSdU 3“*" ^ " * " J^-w *xJji ^ 1 




^s_jr^ ^ l r> -j^o ^ ^ o L j jt 1 1* L/ RNA. ^ ^^ <m ^ 3 * 

* I ^ L> ^jw^.»x»o—*jy-A^f ^ *xju to*DNAL-RNA^ ^ 


O* 3 ^0^3? 


» sX»> ^ Xw t j^M*f L 


^jj Lb a ! j i j L—j c-4**iw RNA'dS iii <_ <-> m 1 j t L xju.* to DNA ^ 

L &s t o*a RNA - Xj cS ^ 'Xrf^g^^nSL jI DNA^ 

Ot^ \s*j$j ^*3^ oL^-rl xijJ j ^ [)N A ^ ^ xii ^ 

tS!o 1 l^H-t-w ^Ju«w^ jRNA ~ j ^-SL ^-- L * 

^ * i ^ -i uu Pv loS!o A“. ti j| 3^ 

Ljb jl ^3 DNA xiwj jj ^ ^^>w*RNA a^Lw j f 

DNA ^ 7 %d. v j ^jy Lk^> jl <^S ' * ^lj jl (j i ^ ^ <_5 t-- 


t fl 


ti^JL lS^o^js^ jJ-DM’A*^^ j^'fW-RNA 

i_ui j>-j-^ ^ tj ( j? U& jtw I L ^jiiljo)? d^wLod^ J^JL a I^^a ^_^;j * i*u L 


1V1 



j H r * 1 J ^ |b L-J " ^ ^ Ld) l^ ^L Ift ^ f * V w ^ 

*i ^ 1 Xj X_> Lft ^ i ^ ft> L> O * \ o 

^ [^ IIF ^ |*» L^ - R ^A ^ iS" ^ ^ 1 * \n r ^ 0^5^ tS* 0^^ 3^ * > ^ M> 1^*1 . "^ W 1 J j-fc^ 

L&4 Jk l^l w ^ ^*4-J-W ^ j^- J> ^£j Lto vXjw j^f ^ . ^ i-lL-Ji^y^ <XpJf ^ ' < * <Swf J(S* 

. J>lw o'*" j' 

d^l.^A^nS* ^ Xft-n ^ ^ .l. w ^ * *X*i *». 9 f t-y ^ fci O ' j3 I jo L*-^ ' RNA 

^J^OwwwC ^ tfl^^j)« y Ip ^ ^ l j^ 1ft ^W ^- ‘■W * HH j i J f^ .i' O ^1^*/ Jii 

^1 t *^\jqJL*-* ^ X * L^-^AdLj * Omj I ^ ^ I.v l^w 1 ^ ^> m mW l^j j jj^->Q ^^L(b^Li^Lw 


jy^/ w^ X l o . ' L r> ~ ^ ^ i-jJ 1—T &S 1 \ " i 0)“^ 

p Ov-jVi.U*J>?!> lj$ 

ijfLfb^^Xui jt j j ' |° RNA j ^ l$^_^ * 1 ^ ^ Y J ^ ij 

X l_*Jw ^>JT. ^ 3 ^^j JX w J|^d) * X ^T *. vXm ^ ^ ^ X—’ t*4*v 

ijji f >A_ji ^J im*.w ^ X* xJ 1 m "^h^IlTLlS ^ i 3-Tl cl" {jr** 

* ^ J—1^ Lj ^ I*!hJ ^ J ^ Otic jX ^ ^ 


jl Vof^'j 


J*J J 


3^ ^ j{y£> \^j^s ^ *■ 


RNA-J j^ ^ 0 — u^*“ ^5 ]£a j**Qj*wj* ^3^3 o3 DNA —1 

!j" Ol^SL& i-i ^Jtp^c l j^j t j& Llj RNA * 11& Lu 

* ^^-3 -DNA)^ t>^ ^ <3*^W f ^ *^1>* J J J ^ J Lm> 

1 ci o o 0,3^ (3 ^ j *i I j I jlj ti ^j^VWRNa- ('^“^ »Jt^*"^j3^ 

( C^Uf ^ Q |> Imt ^ ^ 1 dS J^ 1 1^3-f ^X-/ ( C^u/ 1 £ ilw A "(,> Lw IS3^ 

. xjS^j ^ 

Ij 3 X-jS'^g ^iw j3 1 ^L^ —RNA djh^-k —T 

*jjT^ 1—^RNA L I <^33-?^j" RNA 4 ^ 1 * ^ *i> 

j3 *f U-RNA) - ij+tx^Ju# 3 ^3^3 <*>^"33^ A^3^^r j *11^ 3 ^3^^ 

3 L d-^-S" X-wj^jO ^a ^ii-p<S—^ f ^3^- O^J—^ 

x 3 ^ J Cj t *^™ # 33 v * V ^ 13 ^ x^ 3 j 3 ^^^ Xjx ^j x 3 -^ l$O^ 



cr 


Id** > 1 i JL w 






* tiS 


jLjfc^ 


^333^ 




oJL*3-i tj 0^ **f I vjSo-* j3 ^^L^f'RNA^ 0m*t I rj-j I 

L U - V - 1 "- ^: <3*333^ j - RNA *■* ^ ^3^- 

■ (5°J^3^^RNA jt*^^ J^=> 3 ^ 33 -** 3 j+ * 33 ? 

IjJ J t ^ l3 ^S dew I JwJj 1^ *X^ l*w 

dLJ^?^jlaJ& * CI * . m I %i I 3 ^ 33 “*-^ *XitffOA/!A 3 33 ^ J L?*^ ^ 'c? ^ 4 

^_9 L^ ^ ft* l^* d ^ *x*f L# 3 ’-V diw ^ | mi 3-^ y 3 ^ ^ 5^ 

3S3 ^ ki Ls J &S -i jS' * * h — r jfr—* *3w : ^3 I^ L^ww ► ^3^ ^ ^j-Ls** ^ 

, ii L^* 33 i f> L_> ^ 3 -jJr 4dJ 

j 1 Iw L ^ tX-« ^ 6 Juli CHhCw j! Jt ij 3^4 ^ ““V 

13- ^jjLs* ^ j W 3 ^^jpi* J3 Ip L^-f? jVA( * k -^“ ^ ^ L J r > < \id> i ^i^yrt ^ 

'i 1^*5^33^ >dS^3^ \L) * i ^ * ir -lJ' - ® w ^ fiO La 1 t I3 ^33 3 « *; » 3 

* ^3c^^33v ^* v * ^3- ^Lj. S jj loJb 3k_> L«1 p < CL^mt f 

1 ^ i » A^ f >\j iX^o Aju .^ *3 A w L 3J ^j—*5 ^ |^j 1 1 ^.? 




^ ^ ^S" Ju j|Ja—*i 


Ol^ C1^.w ’ 


aJ 1 ^ 3 ^ ^ 3 '^-^ > k -^ ^3 1 ^ L*j ^ j l^ 3*- 2^30 j *} 1^*$ o L 

Cx^-'Sji ^ ^ 3 ^ J'i Irf ^ j^ymw ^ r„jQ l vLmm ^ iA^r^ ( /j c > Ju-> 

• nXJhfo m * 

vl-l> ^ Lh>» Cuv ! jJjStf&A j ^5 jj^ I t j^d J t£3* u j^ 

j J i ^2*"^jf 1 ^3^ ^3^* 0 ^ , '* " < 33 v ^ 3 ^ ° ^ ^ 

^3^ ^ 3^ 0^?0 ^ ^ ^ Jljl^ A ^ iLw 3^ 3^ ^ ^ 

t 3 _lw jJt ( 3 ^ JuJ&'i ^3 ^ 3 ^ jSj ^ I L i \ m j ^ 3/^0 Lww 4 lJLaJ 1 * 1 ~‘ J -“ I 

^ ~ < jv ^jj ^ L 3^ ^ 3 ^3^ ^3>^ ^j3^/j ^ 

• J3SLI0 L&^jj.]j^ 3 k ^ ^< 

^^ 335 ^ JO 3 ^ 3 ^ 3 ^ f ^j 33 

* ^3^ ^Olw l>&Q I ^jL> ^ 5 ^L i tto^>i T ifin.ft.ft. *£3^ ^3*«3^ 



i£ J i J-b# jJb rS * b b CmjJ jft j ]^J 3 * CU*mJ >0 i-Wjfl J <3 

* ^j v**w I o^ ^ ^ Oj1 9' la t_J j5» to yfc 

^ oV'lS 0 ^ jbjjA ^sW- <J*>\5* ^ f3j5**j 

jC j^j3^ ^jbi>b aajwjJ » ^^jb f DNAtJjS-^ y^ (5^ 

* r , n ,, - f * fir* ^jj^j-RNAo^'V 0 U*v 
4 ^-w oj < 5 °^^ * ^ c: “ ^ u£**^ * O^ ^ j* 03 j* 

JpJ-*-Rj ^lw<^ ^ J5 ^1*KNA (,5 IaJ jSls jj»x# 

< '*^3r / j $' p *RNA bJ^bj jW" 

bsb&L> w > ^ i b (j*iLj jbi li^ b^J c/j^o^ 

b *_ **** 1-11* d ^ !jj*o j^i Lfb^y T ^yi ^ JbJt ^ liOi't> 1 

^ d JLw nljJ»* LUJ (L L-RNA, xi o^j_, iS^a£jJ& • JluS^ 

fl^bl aS^JL^-j^ ^iL ^Jl>* <S^!~ ^jbjA Ij ^U&l^ 

1 * i"*i*j> I ^ 

V3*J* -Tf^ J bS"3^J <*w ^ ^ 

^ (jT * kXjiS JuJy (J Ifl ^ b b Jjlou ^ j * iX*< b < \ n r 

fo Jbjj^l ■ ^ ^^Uiwl (tsySL^ 

jj ^ jj I jl ^j4M *il*i ^jLm o lj (^bbjfrwl L Lto^yio b jT 

(jtf^jriJ (^jl5 * | jSi (5 *X> (5Ift ^ 

1 I (JjjSIj <b i) * ' vd 

(j* ^ b Cw I AJlw ^y5L rt bwjgfl-* IjdL iS 

j} '^u* U ^f3j3**j J 3 

* fj £j I 3-* jj ^ b^ RNA o T 

< ^1^1 ^ ^b*J jl 

U-RNAb b^T k^U I (iXuMpA J b?lm 1 J^i J j > frv b 4,f J ^j^> 

J^^/^io| * ^^^yS'L ^b RNAb j&j& jL *i ^ ^ a^a d ^ y* 3_y^3 


DNA-* b^w ^jsjA>f^J^ (b)^*) ojt^^b**^ ^j>Xflw 1 L&w I viii <JLj 


ur 



Ij Aj Ia^^g CS ^3 1^ i** o ^Ab jL I &*<& * I'ii.y. i ^fp 

DMA j\ lS^I^j ^ ajIa^ ^jDNA - ' i —£ Ij 

ly^ Ui ? JJb Jl/ JjSiw^ ^1 AJta LjAj ^ ^ A-fi> A-/ J, ^»h ) Ij »1^> ^3^3 j3 ^ j® 

j jl fl.in> 1 jA Agj> J^-Lw cJl> Ajg*j A ^g-iLp^J-tsl ^^L!a-i^ JuL DNA 

t A ,1 ^ A ^ 


^ DNA t5 ^J5^ * ( ~ * tH ^ d-iojL^ aS AjIa * A j j J 

f Aj-5^ AjIaI 1^ f j> (3Ub T aS 

j A « Ij A^i- Lw* RNA ^L&jl JlIo ^ &A«A 

jL-*Ajgo ^ A^u#^« A_Jj^ ^jjg f 1 * ! ;."* 

< AjIa i^jjl aslo < i^i j jl ^gJ^JL 4 a j! dl^yb * AjJ^ 

• ^go jly j l.itp^ c o A Jl> jl jiu j LaA> I Uw L** J j$«L cuJ 


^io tS^ jgt^L^ ^lur i ^ klliUl I | jmw J LpL A^ jl ^Auh^j^ ^ I jJj I 

oLi ^Lm^I * Ow I ^^4oJb j I dAj^w ^ 4 AjAiu^ ^ ^ju 6i i i<».j w A*f 

^ dA,iiyJbl^ Lte^^.iS^ Ij j^Ty g Ia i < RNA-DNA ^ 

■ Agj AJu^^ji® Jya-fi jLA^jb j; 

jl j 3 ft Iq>A jjjfl ^ 5 y> ^Lurjl/ I^CmuwQpMv^; ft I^ihq 4 J 

^jn ^ U (j ^T l^-A^ dS A jS^> 

AJt p i .! L i* * Aj A*v a -I* **- jl ^AjS^ 1 <A1 mm A {^A LJ A^41 ^ A^ 


jJ c£f Jtf j^dU A 6j ^ cJuAjijlSlf^ jA ^c 5 (j Jf 

&j^0df (ftCjJ C* / ■ CtMt/ J^Ac y^dj ^>A i w f 

9“/ 0^(s A cfjSrf / c-9oO^ 

* ^ . AjA^ j(j£: 3 J Ca J 




: \ 1 

jOj 


The triplets- (^bA-) 

i 

Jfl ^ | j$ Iw j»i ^■l t i i.iim> j I ! (JS b 

jlaav J j ^ b*ijS" m i 

^ * jftJ Ifl JjS Lo jS^S" j^J OjJpO 4-» 1 ^ C T b l>^ I Li t ^LolC 

,-iuij^a ay*} A/A d J^3 W 

jj loJb A A ||A Ml ft ^ ^Jj>* j^^VjUw j aS* * \ llr^ < \ ,' CUA-^- 1 A 1^1 j A 

Jj^lb * AjLii i^Tj^ 

Cw ) ^ Aiw bbi I5^wi i LjJb>v4 A^-IS' jl^> ji ^ 1 ~~* ■■■ 1 ^ i A -lfl ^ 

sUjl^I < xJ !? 11 3 jt ^ e**J ^j5L*a" 

Ja> | » b oLcf Xt^> * Ow I AtXw 

US^ * p L^jl 3 J 3 r . ~4^ ^ L 


Uv^ A XLuO ^ 
■ X ^ dS^ kAj^w 

f * \ *t\ 


1 I Ixiu ^ j»i ^jLhuw 4^ j t l^WU ^ 

d5 Owl 3 ^3^/ 1 ^ Aj l^jdo ^ Orf^ ^iSAo 


Uf 



rU : 


£ 3^3 Lfe jq j * ij&^oj| O^ ^ E 3 *A 

^i*S^& 6 ^Lft>l*Jto XX * loJ^ ^ILlw ^ KSj^ri 

J J «i*i^ib I mi—J ■ tA—rf Ljl^ J** -J ^ 

PROTEIN-, ^*xjLLj LiJI jj 

- j)S ^x^x* U C&J'iS "^3*** ( J^Orf^U 

<-*3^ 1 Y£ tSLS-i U Jllo l5^ 


i 


jL 


^ ^kL^O f niS ^ ^ fl !^ X& I t^J 


Q-SPUFJO-^ 1 ^ 


■ du 


& 


^ ^ ^ j LeduL^ ^ Cj5 *’^ H '^ 1 J * 111 *3 I-SljJ&^JJ j *A <\c 1^ O O O ^ {JP* 4 '*? t ^ ^^-r nPufrt 

^ j&mS 3 ^9^ < ^~ # } OlP ^jli^>* Lw ^jnA |J L jCu * > J Am/L^wJ £*A > i \ i ' i t S ^^l^A^kiS 

f 4 |X^^ Ia*A XS* L L< - V ,- ' -^ ^ 

Ia^- , ^wwo ^ ^ O^* 1 ^ 3 ^y< x^. &* 13 ^- ^jnlxjto o j | <x*j \m*» 


{J> \jb X* In * Li tAj^ ^ ‘ 4 ^ ^ Ctw I t^—*W « Eo I /jj ^ ^ ^ i^# 

i ^ ^ ^ hi j ^ fci Ift’iHr I ^ Ift jOjS^j L L j ^'J i f jS 

(JJ 1 a*- 1 Sj *A <^ jit ^ ^ X T ? ^ ^ ^^3 ^ j 1 >A ^ 3 *^" 3 ^ L^-X X* 

■ >**\s-^ 3 O^** ^l^oJSd^ j k ^Y 6 Y£ U TPxTfxVf * ^yrs o£°* 

J *i_s o ^3 ^ ^ ^ 

*> T ^ 3 ^ii^4w >3 ^ o O ( ^jSu^C? 

jii A^ L lo , A-u4 ^ ^Lb Jlmw ^ 4^ l^A,> jA^ 


du I^ > Jl 1 > J iibJL> I3 !j l&JuA^jJS^j 3 |uS lSjA Ij ^ dbu^ is Ll/jI A^jo 

Y Lj-" (o^DNAj'' 1 ^rf) j3WRNA'J^ * 

^Txfxf 3 ( ^* 3 ^ 3 ^ j ^* 1 ^ 31153^3 a ^c-^\ p L Yxf ^3 ^jt»A ^ 3^3 

^ \ iJSi J*A l tXfrJh 4 O^tiA v^3^3 ^ IjbdL^ ^{XdJLr J t L C wL^-rj-*’ ^3^ <1^MJ 


jju^f l^—' tl^>> (Jj ^ Ij J J t^«> 4 iXl^ ^ til i 1 

^ 4 uj t i i L ^ t < i ii jj 1 1* i N ^.i *11 ^ ^c !^i t Af i t f ^ ^5^ ! vXv^iii, ^ 


* o 




I,cl 


ti'^f 3 





A G C U 

•Xju^jJSjJ f — £) 


AA 

AC 

OA 

GC 

CA 

cc 

UA 

UC 

AG- 

AU 

GG 

GU 

CG 

cir 

UG 

uu 




AAA 

ACA 

GAA 

GCA 

AAG 

ACG 

GAG 

GCG 

AAC 

ACC 

GAC 

GCC 

AAU 

ACU 

GAU 

GCU 

AGA 

AUA 

GGA 

GUA 

AGG 

AUG 

GGG 

GUG 

AGO 

AUC 

GGC 

GUC 

AGU 

AUU 

GGU 

GUU 


(" 


CAA 

CCA 

UAA 

UCA 

CAG 

CCG 

UAG 

UCG 

CAC 

CCC 

UAC 

UCC 

CAU 

ecu 

UAU 

UCU 

CGA 

CUA 

UGA 

UUA 

CGG 

CUG 

UGG 

UUG 

CGC 

cue 

UGC 

UUC 

CGU 

cuu 

UGU 

UUU 






tf V ‘ ~J * ^ 5 * (5 ( ‘^| 

U 9 



^ ^ li ^ V ¥ * - '| |‘ ^ JL / dJjUub^ < _^ W> 

Lfi> < V-/ * fl -0 ^ CiUV I ^S" jLa*H t ^HWbO^ ^ lj& Jbutf ^ li^rluL>^ 

Li-/ I p J f L. ^ ^ L 1^-lljJ^OJ I^A>wU I 4 • ^Lj JLS^- jl (jlfJ 

| tjbdu t? <Xrfjy J b<Lu/ &*/ Jj I A>> li) 1 ^O jlj ^ 1j7*- , J * 1 ^i-j Jl> L jjJ t 

1 f L ^J^ 

^. N .-*—■*iXJL> |^ , * ^^0 Ifl *i^w ^5^5 f 1 r * 1 

^jl^i l> j J t, jl^4rf ^i ^ ; > t^ t * JJL> ^ 

* | ^ ^ ft U ■ 0 I * Yjl II' 1 j lj UU jjfe Lj ^ jLu^ Ij ^ j tm ‘ *■*?■*! ' b 

*i jLu ja-iiO^O lj ^ Cuv I I r L tSbw l 

J * “**v ^ j^C J LmQ ^ K ifr4> iX/ j^i; Cl*%i^ l^l/^o 

» c*w*' ACGtJrf j ^j' ^ ^ 

jJ lj bjl^,> ^ ^ bcLw Ai>j,0 jl ilj 4fll JI 

Ufxf xtxf o>?"* ^&j i ^iji i * m ' : 1 ** M *y*\ < jk; 

m^i O tu t t j I ^ J ^ * *Ajlj ^ JLh i* C ^u 

1 j^T.* F <& 

^ < f"**-?'* 

Ij (^ifc^bdw j Lvm* 1^ ci** I ^ j* jL^ *ii> J l>yb4^ 

ill tlw L ijl>! ^ ^iU j t ^T^o ^l&wdu ^ u * 9^b 1 <lS b d 

b b* dS i JC j ■ bo - Jlw b du>o T 1 Y T ^ b&Mi 

^g-* bj^.1,0 ft lj bdu aS ^ b • & a —; !j *XMy j^>jj 

^ j J ^ bj^inft 1^5lj&^^ b&w * A T J ^ ^ f ^ 

4^ b | *iwjb ^J 1 *j JA^i ^jj-*& ‘^„ | i-^ 1 ^ i v J iSj | j*j 

lj ^jSbo (jUi*X^ j S IS j^p 4w ^ I Jut . V f dS Ijb 

* *Xjj^ Jj &*O^L^ Ouuw 

jA4^ *1^5 il^J JSi jk) | jl^*/ J jOlow 

lj ^bi.* jl ,jbjii i^i b jc ^ yiK j^ ju^ sIl^aI j> bu Jt> 

^■ .u *>| bJ& dSL cuwl-GCU i Jb* e?I^u 


) AY 



•*UCA Jli f* o 1 l —• UCA o*-* 

♦ lv4Mf ^ AGAj O ^Jb 


G C U C A GAUUCGGU U II ACAGGCGA 



CCU UCA AGA AUU UCG GGU UUU UAC CAG GGC CGA 


f 0 >J : & X <JSZ 


J_ub9jt « t ^Li j«j '-SLf jii * C^>i^>Xxg ^ 

y L 4 ^ ^ 10 ^J Lw j ^ bd^v a J , ,uw 

U li ^ L GCU^ 4 - *C >T J^ 

. a^LaGA UCA '-k** 9 j\ c jUT 

^^tty 1 ^*K o - AG A ^z*C) ^ *x**t L ^ ^ » Ly > t k^Aiw l GCU * ^!^ u 1 

Iwj^to fl> | siS J J*j A l?jA Cuv l *9fl jj I lj*i < ^bv L Y' ^Lua T 

* 0l-» L«j ^ ^ U*0 1 «Xmv I J t-y J j S ^ V ^ ■ 4 ^ 10 ' ^ I 4 ^-w L fci 

Overlapping code- ^j ^ ^^apso I 

f Jlw L dJUv ^|JU> ^ iS y * ' r 

u i , h a * »iJi5 >) jJc > wi Ij U a l ^ ^ j^J J £^>w <A-/ L ■ 

^JjOj jO A uuO T I ^1 j io^ | ^ujl^w d^> 

• *iji Jy 

4*f J ijjMjijpf j J T ^ Lto 4j ^ I OjLj J I AjiLi 4> I I J l> IL 

j *0.0 (^bbu*tj5jrf Id <V lli Cuvl | Juj5 ^ I 

i^MV ^ ^ *y f CLu« ^ ^Jj^UkO T AjMtf 1 U>oS^ f Jjlju 

* T I J Cw I jSfcO (5 ^ 


UA 



j ^ ^Li^Aj bjg-& ^L ^ cj-w I (jjj t &»w*h> 

* Aiilj |j 1 M <N I ^ ^J ^ .MI J ^ ^ 


OCUCAGAUUCGGUUUACAGGCGAU 


T 


GCU CAG AUU CGG UUtf ACA GGC GAG 


( O Jj*j t AT (J&* 


^ a T Id i Vjin i I ^ Lh/ i c^w j&i jj b&^ba*- L>^1 


^ls* * 

L^hju (J^| iXiwl 4 i\ih L ^bXjL^^rljl f i^J j a ff o 

^ | J b j*i • ^ii>w ^-ui b ^ L^ 

^ ^ cpf Ia^J jSLlo 4 jli ^ 1 Ky jl**# ^ ^J^Slld L ^bT 

AjJ ^ jiilw bb^ I jl djlilul L i.\,l.lw* rljj^gO 

* JjS jSrfO ij * J^^sl q \±* 3 

d * Caw Ju 1$ ^Jb jb 4 ■ Vw tV^” K^ 

jj b> * *Xsv J JjS djL^ J Jj^LL ^l>dU Jj^jIS ^ 

b Au db^lsU Olw^A ^ f Lw { 6*i b j.' ^ U. t ^ 1^ ^J2b j ii 

i ju^ AjSb ^ Lo-i* Oj ju? L ^jb^ v iA ^ 
■ 1^ f 4 lj.c T i\t Ht I yT k £^ ^ b a**/ L lj U j^jJt i J 

« u5^J^ i$! V T bi - u—i ab ^aa (*b) j-** ^ jjp** 

jb.iIfc^T ji JL b ^Sjlj^tiS' j ** 3 ^ r ,,i, tf> tsf*!** 


ii 



^^ 4*u j ^ w*j > - L ^ J Cuu^ L > «AjJ 

yftiw*# i yi ^ r ^ 4^ i ^Xmm^ (Xjlxo^ 

(jXwiw) ,^<01 <5 U& j - bA m » iSj** — 

£UG:CUc5:a?GiCUG;CUG:CU(3iCUG:CUG:CUG CUGs triplet 

sequence 


4_iiU 








add 


CAVtGCV-.GCU&CViGCU&CV.GCUiGCViGaSiGOJt sequence 

(Changed 


e<?<? 

another 

A 


CAUAGCtfGGUGGUGGUGGUGCUGGUGGUGCs ™ 
<Xu 1 jiuj jSIj J * \ » 'i iiu changed 


jLr^ 


^ tft j} J ^A^r i5J'**' 


odd <t 
third 

A 


ACAiUAGsCUGiCUGiCUGjCUGiCUGtCUGsCUGiCUGj' 


Original 

triplet 

-.equencft 

^SfOTAd 


b&ti* iSjLjt ;&f J£S 


- Cl<w 1 jb^ 3rf-jL^J i 


L? 


L L&^Lihj( i— ljS 


T *£ 


O* 1 j* j 


J*J O* v* 


i^L, . 


T 4 ^ O’ J J ^ ^J°J 


^ JL*0 Lj 


^ o f A /dlllft 

<£lT tlitXu/ L ^* V »» ^ ift * .1 ^JjO Ldrf 1 ■ J j JhGj ^ \ 

* \j m ^ L lo-l ^ biittf jJb 1>J ^3 t d JulwS 

-I •>, ' 



* * '***' ' J J\ -> * tj \ 

* C **> M 1 4 ^J ^ J* J "“V 

J ^ Jfl J ^) 4 Cm 1 | J jfrfr * " o J ^ lSo«-^ ^0 j < ^ I jj 

^3,^3 b Ljls ^\+m ^ Im iij^& 

*S CmmI '3 

i3^> ^l*tfjj®lp>»# RNAj^ |i I jSjA aS 0v tS^3^3 ^liud^L j jli 

Ij&Aj to ^ I * J^JLu ‘ijJ^ (^S^j^f 

- ^ 5 O^3 IjjbUi^^Lw * <AJu5^^j*6 ^ J Ijl m I^A^( 5*^uw A j L * t> ^ L^o^. w 

aS ^gO K i ^MJ*W ^fS^uw LjT j J • *\. *? Ij 

^Lj < Lho jjl oAjw(j^ * >^i,?. 1 ^ ^J^JLm ^cbt^b L 

« lft^j,Vl jjj ^ Cm l A Aw t*5j <A 


(O^jfV*^) ji3^RAN j} dJUirtl 


$ tj ^ frf-*^ f WUk ^-' J.?^f W RNAf^-'l^-'^ '“^rf^ k 

i£^°y*2 jrt^-'i O^J^ j-*-*" * **>>- (t 5rf^*«' j} fj^t^ 

^ bim liyi rt " | S? I^lual jjL^~j ^lji^ S' ^ l»jl ^ I • Cuwl 

ts'a^ *^ T ^Ia. L,h i I iJjjA^ 4> 4 Cm) JLl^Q I JumI j^Jxo t 

* | AwSu tSt J A^^w (JL A^Jb ^ bdiv |JstA j j A ^Ls_£ b Ajlw jl A 1^ 

-ib ^jbjl A Art C 4 Aj^ 1 lj ^twL ^pj£t f ^ ^ o 4AA jilj! 

^ Jltf jA * AaK^A * ^Ife y bij I 

| ^jAa ^jA ^ jj4> I^ljb |*> <LL^J jl JUJ ^■LliO 1 ^Lb Ajm ^ flS 

**7+^Jr* 0*^ * f^*-i ^J " f ^^^K jT < ^AwAw^j-L 

b J bd A ■i t- ^ T ^ b i V -i i n 1 lj Ia^j ^ Iji^gO 3 Aw b^fl ^5jj^ ^ jbjj 1 ^3^ 



L j *AF RAN L&a 5 l^ ^^a> 0 * m SJl/ f ^ IS" <Xo J *A f j "3 ^jmm: < 3 J 

^.L (J Lam» j *a (^i^ - bj ^+*^ ^5" ^ ( -^>-^bj>- ^ f Aw 

^ L» ^i As<Xw bw *A—* 13^ b~RNA <Xj> r -j t..>— ^ji -A ij Lfl> & Sb ^ 3 1 * A»/ A j^_f 

13-A_c <iw * ci/ LS3 11 *_Ls I j *3 lib ! < a jlS jsJb! &&j£> ij^icxA tS 

* ^Ji ji-b J 

a 3^. 3 RiYA (*^^3) 05 *^^ £^3-^ ^ lS^ OkSL/ <iS Am> ja^ Jj^ o 

J Lr£ dk^uO ^ * V j*^ J K ^^ 7 * ^ * \j iip ^ b ^ A 3^ lib Vj I ^ ^ aSjj-& 3 

(_J 1^^ ^ ^ * T A^w l c*b d-/ ^ |4 f liS^A ^ CJ^ ^ ^ t A * \ i b i^>- 6* X *y 

<X-/ * AJb a^jc o r j ^ O*^ < ^r O ^ * *^ wi b **^>* Ajb !^> ^5 jSL A^j <ia 1 3 ^X^jio & Aa 

» <Aw^i I l&^ojlst* 3 j bLuA I jJi-/ 

(J^-/ A _ > M &-* Ij A 3^- iiA-f 1 RNA jl ^ j OCLw^l^ aS j ^ H-d — t S ^wu/ b-/ 

J l*^ A yiuiit ft* j IsAw! RNA^^j'av * IfwtJ 3 AJ 1 1 im.^ AJb A Jui. <J bjJ 


RNA £ f L 


, I t —***/1 i^jst ^ J A IA A_& ci ^ ^jbv 3^* Lw RAJA b ^ '^w 


o ^ j f W j-i ^ j-£& A-/ T (J jJbiw « ^ ci^niiu I liwww 1 

i ^jA.Jtd ^ ^a^iwiidO aI^SLwAl# aSILj 

3 ! a^j 3 lii< i*m Jj® Li aS f ^>jl j J Lac ! cSj jjJiiiijI RNA ^ 

b Aj 4 / A? t ^.,*-y\ij^ 0i-& (3^* ( j3 ^ ^ Lj^j RNA (j! 3 j aJ^_t ^ b <W» I 

1 Aj I A ^ 3^*3 ^ |^ S o 

c \Ajt*A J L&w I AUG ci^ 0 Cjrt h \ i "n w ^ * ^5b J ^jbj^ 

* * A: j”^ j^^l^RNA ^ UAC ^ b<x-/A^ ^jT 

A ^k^RNA o^jf l^RNA c?3j j+ UACis* 

* 1 hlj O' cS-/ 3 

■Ac&^3^ < \ >^u. fe t ^Ajf^i -^3^3 (jLj^U. RNAj-i UACci^ 

/'l^j^> o^cs* bUAC-? ^ 



^ , . t ^ V. ,j,i ^ ^*j_- ^ lj fiS Ai^j. 4 ii/ jB*, ^kuIRNA Jjli. 

3 <m ?*^jr* lFV u T ^ '■'->'(j* 


jCl^ * hXi^jO jrt-fJU 4^lw4 4-Lt.J TtXj^v 1 ^JldlLfl RNA*^ 

yj I j*i ^S *3 jJT J-o^ ^ tj G*ij£ J^3 ^ ^ ^Jti^j^RAN * ^j**^ 

RNA ( jj rr *^ ^Olw ^^wldWL> £& ^ ^ f ^ ^j-o ci^A L ^S^cwAc *Xs L '^ i V * 1 
* jjSjJ ^3 4 *■■■1^ ^^ J ^ ^ -^va l *x>*^ I 1 *m j ^ t*-j RNA 3 li*-* J 

RNA j' RNA 4 ** aS^Kife 


jL/UWW Cl^^L^O ^.<->*6 T f ihX-jliliAj? U 

^ A_. ( t ^ j p ^ jti 3 tj |' yjw 1 j C^Olw iw* L^<v ! 

Oj DNA ^ RNA^>«^ ^ u ^"jf W RNA^ 

^ Jy 3 jft.ft ijSj ^ jj d/j 3 L>u» 3^ A 3 - /. a 1 ^1 ^^ 3 L * ^ ci^juu J £ii* 1 ci-eup ^flw> 

L/ d-u^ t L T" *3 HkXfi-Ano ^ >i^di if L&_/ jp* t ^ lS J? .3 

hS^aJ j^ I’N ^j ^p| j j^hJ^wj 1 ^.; Cl/*X -j ^jj ^ &S od Lf jj ^ lf*>w Ij^-uj d-* 


* ^^3 3 *^3 

^j^J^il^J d HI nr^^a J » (3 1 * jl ^ ^JkiU tal * i « ki^ f 1 H ^ \ lJ ^ 1 ir 3^ 

j t? 3 -^* 5 "^3^ J1^ ^ Lto jiw I L^/ i ^ J3^ d 4 *u-^j^ Ai.i-*^ I ^5 Lib >^, t >Mi l L ^ ci*w 3 "^ LU 
a ^1 jrf ^ j^uj 1 jd> L/ 'i j*i Ia i jj ^ j I jo i lojT { 

■ ^ ||| F b j^ ^jJlivl ^5RNA luu 3 1 f Ju^ JLwki Ij j0 


RNA j!^^j j*** o ^ ^ — p jl lj a h ii>fl T ^bbtiMw I t ^3b&dj^o 


(3^*W I umAM* wUuS t 1 

ls-i j-ii^M (3 bdu t 


* JJ dJ lw > q*L/ 3^1" 

j o ^ j** ^jLS«l 


pf 


A a L ATtiy rrr L C. 


3 GC ^CUA . ■ c (*- V ^ —“ i^W - j— a ■V : **"^>' t 5« 

Cxi* * AUU 3 • • - • 3UUC3UCG3 CGC 

■ NA 6 J IsCLuu i ^Jliuu^ RNA* Ijm 3 <L t nXjuj^ l^4> ^j-p L^dta-p < ^ ii'imwJ t 



•Xfe j»jd 3 ^»jJb ft ti^iu 3 •! 4S ^rtXo b « (Xw L 


■ 

^ 1 jrf ^ * h ^* 4 ^^ AUU ^ ^iii*'I RNA^Lj < J^ 

UA.G*, f sXw ^ L^w ^ ^ ^ 4-* jSL 1 o < jui^ 


J^SJo J J T ^5 ^ AJt J luw jsi IS ^JJO> j*A ^yiU^A#U j 

*i^l> ^-*^b ^ O lo jO J^O Ij 


^J o 


J. 


^ 0 J^-1m/ [^i&d5u jl 6 J isLlui 1 L | ^-ji? L j ip 11 * 



0 J b* 1 ♦ CIhuw 1 6 Ouv | j Ijlrf J i i i)j^>^C(« hi 

t DNAlI 0 ^ Ij f 1 J ^ Lw J^ j—Sjfl Jii 

(_jj bu J |b kXw IwAW Lw (4 lib jOk-y^J ^ ^ { lib 


. si jS jlJ^ ' L^ 1 Jj3 

G. Novelli^^i^ .K^LjT/^y ^ , JL 0 Uji 


^ DNA 1. p of oak Ridge National Laboratories 

o^ ^ b * ^ li o T ^l^kX^ii,l ^ b& jo j aS JL t 

3 J 3 *J J ^*,Jy ^ Ij I ^SX/ i^jLj j& RNA^ir^^^ ^ I 

baytuh-beta-galactosidase, 'i^ 
Sa-laktoh-sy'das 


The triplet dictionary 


^ ^ 1^ * Aptlo^o ^iL y^j si _ J S ^JlfUvsc ^ jL j^iA 



JL* j^ ) J> >w 

*& ^5-: o^v J^** «—“**& u'kj jl cui^^w uX/'f-t' 0 «ljl£> <& fSj^ 

* t (_J twjlo Jiuu^ l# j l 4 x**j ■ • i V ■ *» J tn ii /^ i jS*•> 

W.Nirenberg and J.Henrich Matlahaei-^kL^yA.^^^^ 

11 a 1 I M 

» < 11 * u * 1,^-Lo j*i 

jLu b b jB f Jflj vL^iS i X ll ' nJ Lj O^ ^ 

^ j IJ ^i ^ ji fl JUv ^ 'J^~ Lur 1 ^ ■* 1 » O jS^ j ^ 1 1 

j , ^ l diil j o^3o ^ b 1^ * 

AjmwJ J ba (^ 1 ^ iS (^j^Li-i i d^>L ji^jjT 

* ^ Iw ^<L/ L 

kX^ ^ijj-S I ^a'lniyi n> (L lj i Sbi L Jujj I by ^jnw 1 bio 3 Lu 

^ b p bw j ^b|B jjjjuj * bjbjjT «iue I ^^l> 

ijL j^xj flS jut L<xiS* j" 1 tit 

I Xj C+W^kii k Ajbiw b jif ^ ^ RNA ^ 

• ,r bLo t * Jb ji i I b b 




|Bh^O * 


^jo^.1 & 0 s - . jljLUUUUUUUUU. 

jj*J>w^ l^> Iw d£ X JLmv I * C »* j Lfl JT Ta, h . M ,. 11 ^ Ou^b ^ifi n 1 ^ 

d . L *jO I (^5 bb Xmv 1 ^1 bx &S ^Jl3*j& { < O*Sj^g0 Aj^o^jX 


jl » kl>d^; ^Wjp^M/dJob ^ |f> ^IU,H' J»i 03 fb/ 

^ O^ ^ J ^ Uo ^ jl^a-to UUU^ ^'* Mi ^ C 


^ [V^ < jb C> w 0I 


■*uJ>w 


^■ l? ll ULJLJ t 6 * X w d 11 M I ni^ ^5 j-WJ ^dj UAmS ^ 

t 4 -^J^rf biXkJJ A ftjS Jl I*i |Q I is ^ "~ ^ ' * '"*■“ I ^frJbJr 

ljj ^^ b j 1 bmv r Jlw d -X_*_/ Is dJL o Ls ^b ^ ^ t? 




L I CuJ jj Juu d J 1 ^ L&^j"Va^ a 5 L jJb 

UUw 1 4) Jlw C(iv^i3 A,* w* 1 ^ ^J^i>4 ^jLu> jl 

* * 'V HI 1 fi iJL-At A i 1L^ *A I taLmi 1 ^4^ dS 

a^i 1sl>^ j j 1^,1 j^4j dS 

■ J liw L J-^ j J Iji jl J Luo ^5 ^ Cl**w 1 ijSw ^ * *xi^» 

uuua y auuuauuuuuuuuuu 

* (Ll>f L ^ lUj jl t s i — ■>-:>-' ,'^a-tfL 


G3j J ^ L i\ Vti^ UUU" t;i£i jfitt, U^t^ 

^" j ^^ ,ij ^<wL; ^ Ia ^ ji yp 4^ iX * ' ■ M di frv ^g j L/ (Lw bb^j^^j * Jl^j> t gp 

V A 

p 

< ^ L- L Aaf |MW I i N n^JW t , 5L ^X> Mr ■■fc.i 5 1 \ 

JL-alS 1 r ^l^ 11 L cu*J " b-Afl^ oS cuita ^J-Uo \jaJU*b 11 

* ^L jj jl Ld*w * 4i*gT ^I&AjuwI jm^ L 

o $ * isoleusin o-^“p3>' * (o^“>0 leasino-*" 
UUA UaUU j(JJAU ^ aS a^_, ^k;** -tyrosin 

4 tS^** i^ * "*>< Cw"3i^ 3 jir^* \£it *0^"^ Jir ^ 

* * ' * I r * ^ ^ «X^iwr j " jgA-ji ft pr 0^ ^ ^jl^ J b lk^ |4 ^ ^ ^5^ ^ 

jjy^ * CtwI j*wjiiUUA f ^L>wl 

3 U 3*i j' 0^(5° & (j5W>v*vU> Aw L ^ 

^si t jowls' IfrdO ^ ^>UUA jO h t b pji ^ " Mr ^Ji i'o I ^jjOw G^L A lib 

^Jjrf I 4 * ^ ^-1 ^-aA4Aj ^UUAj * J^mi * i' tw . r b ^ 

* 'XiL^o L 

*■ L 1 ‘ x " ^ ^j Q ^ L L b *Xmw I J^aTa_«*,I i£U-<L; dtSyb 

AiC> Lw | L 4 J^iw dL^lnsl *i« \ -^» Lr JL/j^ ^ *X jum 1 ' ^ iiO I i |^1^4 4 j 

4 ^3^3*^ • UUG ^ (UUC) : cxlwI jjj ^La^bd-iv <5jl> 



t p ,* ^ J ? *. IS^J 4-u* ^_x5 *i ^ 3 p ^ ■i' U <£ OuJ jjJ 

tu 1 p ^ J j » ^ dS^ ,. F J*^ *X# J^**A ^j^AAV^-J f JJl>* ^ 3 ni^J-te J 

^5" L ^y*fj ^jli.N i.m^J 'X'ljJ^O L^hW-J t + s^J Mi J J f CL-Utr I ^jU ^J T 

. x^i ^ J ?* - r' 0 ^ 3 ^ o*“? UUC ^ UUA‘ 

p^Uxrljd* j*j ^ J^li^kjl J ^'O ^ 

ijpJl^ tj \ w (^J 3 UlO 4*+ jf *■, JU »X w ^ l Juiv I |jp^S d 

<53^" <5^4^ *V'J S -^> J (5^ ^ tSj^b*-! ■* J 3*us A i 5 l » L A^^j 3 I kX^utv I 


( jM^ 


3 O^ j* jl AioJ^jwl^cici ^j ^ 


Ji 


L ^r' ^ ^ aS 1 “ J ■■■ 1 I li ^ ( ■ ?» .,O j ^ l r **• ( CliMf 1 ^ ■ \ »l» 


I 1* tt^ j 

<J^i 


J'LTI* 

U> nyn 

t^lj^ C«w^ J* C 'iAli I ('^ 1 { ^j 

^b&l XbU I^hU * AUA L AAU ‘ j’ Ur'-^Ur'-^ 

p^^ ^ ^ cp*Li/ 1^5*m-j ^ Lib A ^ d—S' ^.'.fcmkih 

♦ UUA 

L»4 w 4 ^ Ljjio ^a> ^ t a jb« 45 Li 1 L *^ 1 A-jj*/1 j 1 ^‘^a ^S |jLt^ p ^ 

* J-^^Lj y L ^4 > C^L CXaoS' jiUj^ p^b (UUA) 

(^Ia>>hlmw ^ Lii o«wU ^s 1^ jl> 4 _i> (UUA) (^5^ Lii4*v i^-»kr j ijkw I 

cu c <x^(y£ (UUA) ^^LiXw jj)Li>pjb * jjb j ^L^ij ^jL>t j^> T 
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^ lS^ft> , «\«* J IjS 1 1 f f (JL-j-i *v -*->■ J si (jA-Lc iJ CtZ'P'^jj-! 

ij*LI jj*^« i>ll« jjt * *Xi*ljS| i- ^w ^ — — jl ^ o-fo 5 i/ 1 ’ 3^ 

jb^-L, yb uioJbU 3 t^tjj-Js -DNA- cit-i,! O^j l$3j l®Lw 


*3. 


\j 0 LJ b 


j* 


6AJ 


g aS” ^ L*ij lj <^*-b o^Jjv- p ^“f f ^ *■ ^ ■ ' *■ * 3 j*j 

j\jS j a^^Jsijijo I J o^ fXr** % KS^* ^ >^° O^' 

^jU.1 L £ltil j:? -j- b 3 -i-^^ urjs' *j uT v^ 5 ^ J 

J>^ —; G^lS 4 ^ j <^u>Lll ^1 ^ 


* jlS^U Law I t 5 jA * ‘i'jP tS>^? 3 ^ 5 °-^?“ 

dl^oJb ^^^3$ jl 3 -V 1 L-isiV 4 j-* 3 j jJ 11 TV Jb ^‘> T - 

yJs I jl * Kj^o ^ ^ ^j^rl A t j i. t\^ 

(jl tbCL^j jJj>- \oo jl t5j * c-,^1 

. c-1 &j>JZ dJb lj fjhb^jj-f 3 o^"^ f-k 3 ^ 






